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The cable you see here is not interlocked armor. It is 
Simplex’ new C-L-X...the completely sealed cable 
system. 

Completely sealed against liquids and gases. 

Protected against mechanical damage by a continuous, 

corrugated metallic sheath. 


As pliable as unsheathed cable because of its corrugated 
design. 


Needs no separate duct or conduit in any environment. 


Nonferrous sheaths can be designed to function as 
grounds or shielding. 
Simplex C-L-X is impervious to liquids and gases, is re- 
sistant to all forms of mechanical damage, and is as pliable 
as unsheathed cable. 


Available with sheaths of steel, aluminum, copper or 
bronze, and with or without outer plastic jacketing, 
Simplex C-L-X provides the ideal solution for almost any 
installation, particularly those in which cable life is limited 
by severe ambient conditions. 


Write today for illustrated brochure containing application 
and engineering information. 








WIRE & CABLE CO. 


Cambridge, Mass. + Newington, N. H. 
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the Completely Sealed 
Cable System...is Built 


for Torturous Conditions 
Like This 


Simplex C-L-X combines cable and duct in one integrated system. Metal, in the 
form of a continuous flat strip, is formed into a welded tube around the insulated 
cable. The metal tube is then corrugated to form Simplex C-L-X. 





what’s your best estimate? 





... a quiz for Chemical Executives who want to keep posted 




















QUESTION 1. According to a recent survey by the Manufacturing 
Chemists Assn., nearly 50% of its members are engaged in, or have an 


= 
interest in, foreign operations. Can you guess what per cent of total capital 
r outlay by U.S. chemical companies in 1959 was for plants and facilities 
overseas? 


a $$$$$ 5% 
b $$$$$$$$$$ 10% 
c $$$$SSS$S$S$5$$ 15% 
| d S$$SSSSSSSS$$SSSSSS$$ 20% 














QUESTION z How many chemical and petrochemical plants has Lum- 
mus designed, engineered and/or constructed abroad since World War II? 
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MORE TRACTION WHEN IT SNOWS... 


GOODFYYEAR IN 498" 


* 





a digs , 





1. Traction to bite through snow that’s 2. Turnpike-Proved mileage when the 
hub-cap deep. New Suburbanites by roads are clear. That covers most of 
Goodyear will take you through places your winter driving. Switch over to 
you wouldn’t try with other snow tires Suburbanites any time. You won’t 
—through snow right up to your hub get caught short in the first snow. 
caps. Goodyear, Akron 16, Ohio. 


3°T SUBURBANITES 


GOODSYEAR 


MORE PEOPLE RIDE ON GOODYEAR TIRES THAN ON ANY OTHER KIND, 





Watch “Pete & Gladys” on TV every Monday evening. 








Suburbanite, T.M., The Goodyear Tire & Rubber Company, Akron, Ohio. 
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More on Math for Kids 
FroM RosBertT B. Davis, °46: 


If you read the Technology Review 
carefully, you may know that an ar- 
ticle of mine appeared in the Decem- 
ber, 1959, issue, describing some ex- 
periments in teaching relatively ad- 
vanced mathematics to relatively 
young children. In the March, 1960, 
issue, my friend and former teacher, 
Prof. Philip Franklin, has written a 
cogent account of his reasons for be- 
lieving that my work and that of my 
colleagues may well be headed in a 
conspicuously erroneous direction. 

I now write, therefore, in a pleased 
and friendly spirit. Academic disputa- 
tion being an indoor sport that appeals 
to me greatly, finding myself chal- 
lenged by an opponent whom I admire 
is more than I could have dared ex- 
pect. Let us even overlook, for the 
moment, the fact that I agree with a 
great deal of what Professor Franklin 
writes. We can, if we try, find some 
grounds for disagreement. 

There seem to be two questions in 
dispute: first, is it wise “to use boxes,” 
ie., to write 3 + [) = 5 in place of 
the traditional 3 + x = 5; and, sec- 
ond, is it reasonable to suppose that 
children can discover for themselves 
the quadratic formula, or the concept 
of slope, or the fact that 


ad — 
j — x*dx = Vr 
° 


e 2 


I may have phrased these questions 
badly. If I understand the alternatives 
correctly, we are asking: Is it better 
to use, for a time, notation that young- 
sters find self-explanatory (but many 
adults find abhorrent), in order to get 
quickly at important mathematical 
ideas—or, is it preferable to begin 
with the standard notation from the 
very outset? 

The second question is apparently 
this: Is it possible (and worth the ef- 

(Continued on page 46) 
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ALpous HUXLEy, author of Brave 
New World and many other novels, 
is Carnegie Visiting Professor of Hu- 
manities at M.I.T. this fall. In ad- 
dition to giving a series of public 
lectures, he is conducting the Hu- 
manities Senior Seminar. Mr. Huxley 
also will participate in the exercises 


next spring marking the Centennial - 


of the Institute. 
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Electrical Engineering 
Department’s Head 


PROFESSOR PETER ELIAS, °44, be- 
came head of the M.I.T. Depart- 
ment of Electrical Engineering last 
July 1. He has been a member of 
its Faculty for seven years, active in 
its educational programs, and at the 
age of 36 is widely known as an 
authority on information theory. His 
notable contributions to this field 
have included work on predictive 
coding, error-correcting codes, the 
exploitation of the notion of “indi- 


vidual information,” and methods 
of utilizing feedback to simplify 
coding. 


Professor Jerome B. Wiesner, 
who served last year as Acting Head 
of the Department, is devoting his 
energies now to the development of 
the Research Laboratory of Elec- 
tronics and the Center for Com- 
munication Sciences. 

The new head of the Institute’s 
largest Department entered Swarth- 
more College in 1940 and trans- 
ferred to M.I.T. as a junior in 1942. 
After receiving his bachelor’s degree 
in Industrial Management, he 
served two years in the U.S. Navy, 
then continued his studies at Har- 
vard University, receiving the mas- 
ter of science degree in 1948, the 
master of engineering science de- 
gree in 1949, and his doctorate in 
1950. He held a teaching fellow- 
ship at Harvard between 1948 and 
1950, and from 1950 to 1953 was 
a junior Fellow of the Society of 
Fellows. He joined the M.I.T. staff 
in 1951 as a guest of the Research 
Laboratory of Electronics, and was 
appointed assistant professor in 
1953, associate professor in 1956, 
and professor in 1960. He was a 
visiting lecturer in electrical engi- 
neering in 1958 at the University of 
California at Berkeley. 

He is a member of Sigma Xi, Eta 
Kappa Nu, the Institute of Mathe- 
matical Statistics, and Commission 
VI of the International Scientific 
Radio Union, and a Fellow of the 
Institute of Radio Engineers. Pro- 
fessor Elias is co-editor of the 
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Professor Peter Elias, °44 


journal Jnformation and Control, 
and has written on information the- 
ory for other journals. He also has 
served E. I. du Pont de Nemours & 
Company, the Polaroid Corporation, 
and Baird-Atomic, Inc., as a con- 
sultant. 

Professor and Mrs. Elias, the for- 
mer Marjorie Forbes, and their 
three children live in Cambridge. 


Corporation Members 
LAURANCE S. ROCKEFELLER, chair- 
man of Rockefeller Center in New 
York, and George P. Edmonds, °26, 
chairman of the Wilmington Trust 
Company, in Wilmington, Del., 
have been elected to special five- 
year term memberships on_ the 
M.I.T. Corporation. 

Three other prominent business 
executives became alumni term 
members of the Corporation last 
July 1. They are Bennett Archam- 
bault, °32, chairman of the board 
and President, Stewart-Warner Cor- 
poration, Chicago; Semon E. Knud- 
sen, °36, Vice-president of the 
General Motors Corporation and 
general manager of the Pontiac divi- 
sion; and Robert H. Winters, °33, 





President of the Rio Tinto Mining 
Company of Canada, Ltd., and a 
former member of the Canadian 
Cabinet. 


Whitman’s New Post 

ON LEAVE of absence from M.I.T.., 
Professor Walter G. Whitman, °17 
became science adviser to the U.S. 
Secretary of State last August. He 


was Secretary General of the United § 
Conference F 
on the Peaceful Uses of Atomic En- § 


Nations International 
ergy in 1955, and had previously 
served the nation in many capaci- 
ties. He was a member of the Gen- 
eral 









Beso 


Advisory Committee to the | 


Atomic Energy Commission from | 
1950 to 1956 and of the Office of | 
Defense Management’s Science Ad- | 


visory Committee from 
1955, chairman of the Research and 
Development Board of the Depart- 
ment of Defense from 1951 to 1953, 
and a member of the National Ad- 
visory Committee for Aeronautics 
from 1951 to 1953. 

Professor Whitman first joined 
the Institute’s staff in 1917. For nine 
years he was associated with the 
Standard Oil Company of Indiana, 
then returned to the Institute in 
1934 as Head of the Department 
of Chemical Engineering. 


Dr. Draper’s Aide 


HAVING RETIRED from the USS. 
Navy this year after 20 years’ serv- 
ice, Comdr. Samuel A. Forter, °47, 
has become assistant director of the 
M.1.T. Instrumentation Laboratory. 
He is working with its director, 
C. Stark Draper, 26, on advanced 
design and development of the iner- 
tial guidance system for Polaris, the 
Navy’s 1,200-mile ballistic missile. 

Commander Forter was graduated 
from the U.S. Naval Academy in 
1940, and served on ships in both 
the Pacific and European theaters 
during World War II. 


In Physical Education 


Epwarpb A. CROCKER, a member of 
the Department of Athletics staff at 
M.I.T. since 1957, became director 
of physical education this fall. In 
addition to coaching the varsity ten- 
nis and squash teams, he now ad- 
ministers the comprehensive physi- 
cal education class activities involv- 
ing about 3,000 undergraduates. 
(Continued on page 6) 
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Quadruple Tube Bank, 
With 5 Steam Lanes 





A GIANT STEP FORWARD IN STEAM CONDENSER DESIGN 


The size of turbine-generators grows and grows, requiring larger and larger steam condensers. 
But increasing the size of the condenser shell and adding more tubes is not enough—the con- 
denser must be designed to make the most efficient use of the cooling surface. 


This is just what C. H. Wheeler’s new “Quadruple-Bank” Condenser does. Four tube bundles 
and 5 steam lanes assure penetration of steam to every square inch of tube surface and minimize 
pressure losses. 

A unique and especially advantageous feature of C. H. Wheeler’s “Quadruple-Bank” design is 
the fact that each tube bundle is provided with its own draft and air cooling section connected to 
common air removal equipment. This arrangement provides for balanced flow of steam inside 
the Condenser. 

Quadruple-Bank Condensers are available with C. H. Wheeler’s special deaerating features, 
which reduce oxygen content in the condensate to 0.01 cc. per liter, or less. (Our latest deaerating 
design is expected to produce condensate with an oxygen content of almost zero.) 


Consult your local representative, or write our Philadelphia office for more information 
about condensers and other auxiliary equipment—ejectors, circulating water and conden- 
sate pumps, feedwater heaters, evaporators, heat exchangers. 


Cc. H. WHEELER MANUFACTURING CO. 


19th and Lehigh Avenue, Philadelphia 32, Pa. 
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LINCOLN 
LABORATORY 


invites inquiries from persons 


with superior qualifications. 


SOLID STATE Physics, Chemistry, and Metallurgy 
RADIO PHYSICS and ASTRONOMY 
NEW RADAR TECHNIQUES 


COMMUNICATIONS: 


Techniques 
Psychoiogy 


Theory 


INFORMATION PROCESSING 


SYSTEMS: 
Space Surveillance 
ICBM Detection and Tracking 
Strategic Communications 


Integrated Data Networks 


SYSTEM ANALYSIS 


Research and Development 


LINCOLN LABORATORY 


Massachusetts Institute of Technology 


BOX 28 


LEXINGTON 73, MASSACHUSETTS 




















Individuals Noteworthy 


(Continued from page 4) 





New Posts 


NAMED in the news recently were 
the Alumni whose elections, promo- 
tions, and appointments follow: 

Barnett F. Dodge, ’17, as Dean, 
School of Engineering, Yale Uni- 
versity . . . John O. Bower, ’22, 
as President and Chief Executive 
Officer, Colsag Corporation 
James W. Kinnear, Jr.,’22, as Vice- 
president, Steel Producing Divisions, 
United States Steel Corporation; 

Irving Whitehouse, ’22, as Direc- 
tor of Research, Republic Steel Cor- 
poration . . . Sydney S. Dean, ’23, 
as Secretary, Building Owners and 
Managers Association, Greater Bos- 
ton Real Estate Board . . . David 
W. Skinner, ’23, and C. Vincent Vap- 
pi, ’48, as President and as Vice- 
president, respectively, of the Cam- 
bridge Chamber of Commerce; 

William P. Lowell, Jr., ’26, as 
Manager, Technical Liaison, Syl- 
vania Lighting Products Division, 
Sylvania Electric Products, Inc. 
. . . F. Edward Anderson, ’27, and 
Robert L. McCormack, ’33, as Di- 
rector, Commercial Regional Of- 
fices, and as Vice-president, respec- 
tively, Raytheon Company; 

Theodore E. Casselman, Jr., ’27, 

and Edgar M. Hawkins, Jr., ’30, as 
Vice-presidents, Stone & Webster 
Service Corporation . . . Edward 
R. Stevens, ’28, as President, Bald- 
win-Ehret-Hill Company, Inc. 
Eric A. Bianchi,’29, and Paul Wing, 
Jr., ’34, as General Manager, and as 
Manager of Engineering, respec- 
tively, Mason-Neilan Division, 
Worthington Corporation; 

Paul V. Keyser, Jr., ’29, as Ex- 
ecutive Vice-president, Socony Mo- 
bil Oil Company Charles T. 
Abbott, ’30, as Vice-president, Op- 
erations, NEGEA Service Corpora- 
tion . . . Edward L. Mears, 2d, 
"30, and J. Wade Miller, ’48, as 
Vice-presidents, Dewey and Almy 
Chemical Division, W. R. Grace & 
Company; 

Carl F. Baker, ’31, as Quality 
Manager, Chandler Evans Corpora- 
tion . . . Edwin J. Ducayet, ’31, as 
President, Bell Helicopter Company 
. . . James B. Fisk, ’31, as a Direc- 
tor, American Cyanamid Company; 

Claude F. Machen, ’31, as a Di- 
rector, Boston Gas Company . . . 

(Continued on page 10) 
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U. S. RAILROADS 





Where Engineers Can Move Ahead Faster 


America’s Railroads offer young engineers a particularly fast track to an interesting and 
challenging future. The reasons are clear. Our railroads are putting through an enormous program 
of automation and modernization. They are vital to America’s economy and defense. And their 
need for you is very great. Their present management teams are looking forward to future 
successors. Retirement rates are currently high; and replacements are brought up from within. 
If you’d like to consider the unusual opportunities and rewards open to engineers of all types 
in railroading, see your placement officer or write us at 30 Church Street, New York 7, N. Y. 
We know you will like working with America’s railroads. We’ve been doing it ourselves for 
many years—in supplying this great industry with Kerite quality insulated wire and cable. 


General Office—30 Church St., New York 7. 


KERITE CABLE 
oe SALES OFFICE: Albuquerque, Ardmore, Pa. 


TS ak Aff, Birmingham, Boston, Chicago, Cleveland, 
te the KEeTS what aa vad the ence __ Ay Denver, Glendale, Cal., Houston, Lake Wales, 
I Fla., Portland, Ore., St. Louis, Salt Lake City, 

San Francisco, Seattle. 
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>-E MEASURES THE MERITS OF IDEAS 


At Combustion, research guides the design of every product and is at the 
hub of every area of operation. It is a company policy, the premiums of 
which are paid for in the time and talents of many skilled and experi- 
enced specialists. Their purpose—to find a better way. Their goal—to enable 
Combustion to provide the most efficient, the most reliable and the most eco- 
nomical steam generating and fuel burning equipment available anywhere. 























-WITH RESEARCH 


Research activities at C-E range from studies of the nuclear char- 
acteristics of the atom and the chemistry of the molecule to the 
development of methods and materials, the test of metals and the 
operation of test boilers and nuclear reactor systems. Research, knowl- 
edgeable and in depth, is your assurance that C-E products are thor- 
oughly engineered, are dependable and are as modern as tomorrow. 


THE KREISINGER DEVELOPMENT LABORATORY is used for the 
study of fuels and fuel burning systems, water, steam and com- 
bustion gases. It contains several test boilers, among them a 
large Controlled Circulation unit capable of operating at 2000 
pounds pressure and a super-critical pressure boiler designed 
to produce steam at 5000 pounds pressure and 1200°F. This 
laboratory is one of eight C-E research facilities which, together, 
total more than four acres under roof. 


THIS CHEMISTRY LABORATORY 
uses a battery of test furnaces to 
study the causes and effects of cor- 
rosive substances in combustion 
gases. 


THIS ADVANCED 
CRITICAL FACIL- 
ITY is one of two 
zero power nucle- 
ar reactors used 
by Combustion for 
test and experi- 
mentation. 


THIS PHOTOELASTIC LABORATORY makes plastic models of various 
kinds of pressure vessels and loads them to simulate actual operating 
conditions. Using straining frames and polariscopes, it analyzes the 
stress patterns locked in the plastic to determine suitability of design. 


THE COMPUTER CEN- 
TER is used for many 
kinds of research work. 
THIS METALLURGY LABORATORY C-E utilizes both digital 
tests material strength at high tem- and analog computer 
peratures with these creep-rupture systems. 
machines. 


COMBUSTION ENGINEERING ay 


General Offices: Windsor, Conn. + New York Offices: 200 Madison Ave., New York 16 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS 
PAPER MILL EQUIPMENT, PULVERIZERS FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 















In your expansion 
and new construction 
plans include 


Gas 
Insurance 


to gear your fuel supply 
to your production 
scheduie 


Your production — efhi- 
ciency is only as sound as 
your fuel supply. Should 
curtailment of gas become 
necessary, a Draketown 
Propane Plant can keep 
production going  indefi- 
nitely without a minute 
lost. Your investment in 
“Gas Insurance” can pay 
for itself during a single 
short period. 

Send for booklet, ““Mod- 
ern Fuel Supply” and see 
how other companies have 
benefited from a Drake- 
town Propane Plant .. . 
no obligation, of course. 





PROPANE PLANTS BY 
Drake & Townsend 


INCORPORATED 


Consulting—Design— 
Engineering—Construction 


11 West 42nd Street 
New York 36, N. Y. 


DRAKETOWN (Canada) Ltd. 
704-5 Royal Trust Building 
626 West Pender Street 
Vancouver 1, B. C. Canada 


( Overseas ) 
DRAKETOWN INTERNATIONAL 
CORP. 


1l West 42nd Street 

New York 36, N. Y. 

MEMBERS: American Gas Assn., 
LP-Gas Assn., American Petroleum 
Inst., National Fire Protection Assn., 
Canadian Gas Assn., Agricultural 
Ammonia Inst. 


Individuals Noteworthy 
(Continued from page 6) 


Gilbert M. Roddy, ’31, as a Direc- 
tor, Merchants National Bank, Bos- 
ton . . . Ivan A. Getting, ’33, as 
President, Aerospace Corporation, 
El Segundo, Calif.; 

Franklin P. Parker, ’36, as a Di- 

rector, Wellesley Trust Company 

Brigadier General Alvin C. 
Welling, '38, as Director of the Con- 
struction Office, Ballistic Missile 
Complex, U.S. Air Force, Ingle- 
wood, Calif. . . . Herbert A. Finke, 
'39, as Director, Long Range Prod- 
uct Planning, Varian Associates; 

Howard H. Reynolds, ’39, and 
Austin W. Fisher, Jr., ’41, as Vice- 
presidents, Ludlow Papers and Lud- 
low Plastics Division, Ludlow 
Corporation, Needham Heights 

. Paul N. Stanton, ’39, as Vice- 
president, Marketing, Pratt and 
Whitney Company, Inc.; 

William M. Hearon, ’40, as Vice- 
president, Research and Develop- 
ment, Crown Zellerbach Corpora- 
tion . . . Julius P. Molnar, ’40, 
as Vice-president, Bell Telephone 
Laboratories . . . Albert H. Bow- 
ker, ’41, as President, Institute of 
Mathematical Statistics; 

Walter J. Robbie, ’42, as Vice- 
president, Eaton Paper Corporation 
: Morton F. Spears, ’43, as 
Vice-president, Engineering, Pick- 

(Continued on page 56) 




















BUILDING BY 


Shreve, Lamb & Harmon Associates 
Architects 


We have completed 10 contracts 
for AVON PRODUCTS, Inc. 
the most recent of which is this 
modern office and distribution 


center in Rye, N. Y. 


W. J. BARNEY CORPORATION 
Founded 1917 


INDUSTRIAL CONSTRUCTION 
101 Park Avenue, New York 
Alfred T. Glassett, ‘20, Prosident 











Donald W. Douglas, Jr., President of Douglas, 
discusses valve and fuel flow requirements 
for space vehicles with Dr. Henry Ponsford, 
Chief, Structures Section. 


Spaceliners have 
the biggest thirst 
in the universe 


Each 6,000,000 pound thrust rocket 
ship now being planned for manned 
interplanetary exploration will gulp 
as much propellant as the entire 
capacity of a 170 passenger DC-8 
Jetliner in less than 4 seconds! It 
will consume 1,140 tons in the 
rocket’s approximately 2 minutes of 
burning time. Required to carry this 
vast quantity of propellant will be 
tanks tall as 8 story buildings, strong 
enough to withstand tremendous G 
forces, yet of minimum weight. 
Douglas is especially qualified to 
build giant-sized space ships of this 
type because of familiarity with every 
structural and environmental prob- 
lem involved. This has been gained 
through 19 years of experience with 
missile and space systems. 


Douglas is now seeking qualified 
engineers, physicists, chemists and 
mathematicians for programs like 
SATURN plus others suchas ZEUS, 
SKYBOLT, MISSILEER, DELTA, 
GENIE and ANIP. For full informa- 
tion write to Mr. C. C. LaVene, 
Douglas Aircraft Company, Inc., 
Santa Monica, California, Section N 





MISSILE AND SPACE SYSTEMS @ MILITARY AIRCRAFT 
DC-8 JETLINERS @ CARGO TRANSPORTS 
AIRCOMB® ® GROUND SUPPORT EQUIPMENT 
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The Periodic Table lists all the known elements of the world we live in . . . more than half of them used by Union Carbide 


This is the world of Union Carbide 


... bringing you a steady stream of better products from the basic elements of nature 


You’re probably one of the millions who have used such Union 
Carbide products as PRESTONE anti-freeze, EVEREADY flashlights and bat- 
teries, or PyROFAX bottled gas. But the major part of Union Carbide’s output 
is in basic materials, employed by more than 50,000 industrial customers to 
fill your life with useful things. 

The 70,000 people of Union Carbide operate more than 400 
plants, mines, mills, laboratories, warehouses, and offices in the United States, 
Canada, and Puerto Rico. With these vast resources and skills, and the help 
of 35,000 suppliers, they create a variety of products in the fields of metals, 
carbons, gases, plastics, and chemicals. 

It is men and women working together to provide new and 
better materials that gives full meaning to Union Carbide. And the people 
of Union Carbide, backed by 128,000 stockholders, will go on bringing you 
the necessities and conveniences that will help keep our standard of living 
the highest in the world. 


The terms “‘Eveready,” “‘ Prestone,”’ “ Pyrofax,” and ““Union Carbide’”’ are trade marks of Union Carbide Corporation. 


Periodic Chart ©Welch—Chicago 
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Learn more about the products of 
Union Carbide and its uork in 
atomic energy. Visit the science 
exhibit at 270 Park Avenue, New 
York, or write for booklet “‘The Ex- 
citing Universe of Union Carbide.” 
Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. 
In Canada, Union Carbide Canada 
Limited, Toronto. 
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-..a hand 
in things to come 
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Orbits through space 


The space-flight paths diagrammed above represent a closed elliptical orbit, a 
parabolic orbit, and, on the outside, an open, hyperbolic orbit characteristic 
of the start of an interplanetary flight. 

Orbital flight mechanics is one of the many areas of advanced investigation at 
Boeing. The staff of the Boeing Scientific Research Laboratories, for example, 
carries out basic research in such fields as energy conversion, hypersonics, 

5 / 
magneto-hydrodynamics and plasma physics. 

Other Boeing scientists and engineers are working toward the advancement 
of supersonic flight, propulsion systems, gas turbine engines, commercial and 
military aircraft, vertical and short take-off and landing aircraft. 


Professional-Level Openings 


The wide scope of Boeing programs in all areas 
of manned and unmanned flight, from theoretical 
research to advanced precision fabrication, offers 
careers of unusual interest to professional special- 
ists in engineering and scientific fields, as well as 
in other-than-engineering areas. Drop a note, 
mentioning degrees and major, to Mr. John C. 
Sanders, Boeing Airplane Company, P. O. Box 
3822 - UMT, Seattle 24, Washington. 


SIEM is 


Divisions: Aero-Space ¢ Transport * Wichita « Industrial Products « Vertol « Also, Boeing Scientific Research Laboratories « Allied Research Associates, Inc.— a Boeing subsidiary 
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Advanced power conversion systems for space vehicles utilizing energy of the 
sun or heat from a nuclear reactor are now being developed by Garrett’s AiResearch divisions. Under 
evaluation are dynamic and static systems which convert heat into a continuous electrical power supply 
for space flight missions of extended duration. Component and material developments for these systems 
are being advanced in the fields of liquid metals, heat transfer, nonmechanical and turboelectric energy 
conversion, turbomachinery, alternators, and controls — vital contributions by Garrett to the conquest of space. 
* Outstanding opportunities for qualified engineers 


THE CORP ORATION 


AiResearch Manufacturing Divisions 


LOS ANGELES 45, CALIFORNIA® PHOENIX, ARIZONA 
OTHER DIVISIONS AND SUBSIDIARIES: AIRSUPPLY-AERO ENGINEERING @ AIRESEARCH AVIATION SERVICE © GARRETT SUPPLY « AIR CRUISERS 


AIRESEARCH INDUSTRIAL *® GARRETT MANUFACTURING LIMITED®e MAR WEDEL*¢ GARRETT INTERNATIONAL S.A.¢@ GARRETT (JAPAN) LIMITED 
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Northrop is an analog for progress where engineers 
—and ideas — grow to reach their maximum poten- 
tial. It takes a lot of engineer to measure up to 
Northrop’s creative engineering challenges. 

To convert our sophisticated requirements into 
producible and reliable systems calls for intellectual 
stature, disciplined imagination, and an explorer’s 
venturesome curiosity. 
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Northrop is rich in advanced projects to grow on. 
If you want to associate yourself with an organiza- 
tion that is producing tomorrow’s technological 
headlines today, stand up and be measured. Send us 
a card or letter today with your name, address, and 
area of special interest. 

NORTHROP CORPORATION, P.O. BOX 1525, BEVERLY HILLS, CALIF. 


DIVISIONS: NORAIR / RADIOPLANE / NORTRONICS 
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Scientists Engineers, 
Chemists, Physicists: 





AT MELPAR YOU 


ARE ENCOURAGED 


Imaginative engineers, sparked by sharp, 
creative curiosity, have a unique opportunity 
to advance at Melpar . . . for Melpar recog- 
nizes that only by giving engineers the oppor- 
tunity to evolve their own concepts and de- 
signs will they have a challenging incentive 
for individual growth and success. 


Specializing in research, development, and 
production of electronic equipment for the 
U.S. Government and major prime contrac- 
tors, Melpar employs over 4,500 people. Ap- 
proximately one-third of them are creative 
individual contributors—scientists, engineers, 
chemists, physicists, and other specialized pro- 
fessionals. Their knowledge and technical 
intelligence are invaluable in Melpar’s expand- 
ing program of stimulating projects, and their 
individual contributions are justly rewarded. 


Many of Melpar’s Staff Are M.1.T. Graduates 
This is a partial list: 


David Lee 

Russell A. Lindberg 
William L. Mahood 
Ronald J. Massa 


| 

| 

| 

| 

Thomas Meloy, President 
| 

| 

| 

David S. Muhlenberg 
| 

| 

| 

| 

| 

| 

| 

| 

| 

I 


| 

| 

| 

| 

| 

Roger Barron 

| Emmett H. Bradley 
; Yoahan Chu 

| Paul Cooper 

| Michael Myers 

; Clair F. Parker 

| Robert H. Rosenbaum 
| 

l 

| 

| 

| 


Kenneth J. Fawcett 
Edward Hofstetter 
Kenton J. Ide 


Eric C. Johnson Blanchard D. Smith 


TO APPLY 
YOUR INDIVIDUAL THEORIES 


with a rewarding future and incentive for personal growth 


Meipar Personnel Live and Work 
in a Compatible Atmosphere 


Located in historic Fairfax County, Virginia, 
Melpar’s Main Plant and Office cover nearly 
1,000,000 square feet in the beautiful, rolling 
countryside. Fine homes and apartments are 
available in a lovely suburban area. And just 
10 miles away in Washington, D. C., are the 
cultural, recreational, and diplomatic activi- 
ties of the nation’s capital. 


In Watertown, Massachusetts, Melpar’s Ap- 
plied Science Division offers M.I.T. graduates 
the opportunity of living in New England once 
again ... where seaside and mountain resorts 
are accessible in summer, winter sports an 
easy drive away, and Boston’s theatres, con- 
certs, art galleries, and museums close at hand. 


Scientists and Engineers: Space Dynamics, including navigation, 
guidance, and simulation; pattern recognition techniques, including 
extension of conventional machine organization concepts; digital 
data handling systems; phase-coherent, anti-multipath correlation 
systems; matched filters; ambiguity analysis and waveform de- 
signs; signal coding; optics; acoustics; electromagnetic radiation; 
senior system and circuit design engineers. 

Chemists, Physicists, and Biochemists: Physical, organic, analyt- 
ical, theoretical, solid state, enzymology, and applied research. 


OF 
= INC 


An Arsenal of Technology 


NMELPAR 


v on. 
niza- John J. Jones Oscar Stiegler v 
gical Charles S. Krakauer Steven Sussman A Subsidiary of Westinghouse Air Brake Company 
nd us Herman Lake William Welch 
and a ee Headquarters Plant and Office: a 
vis For information about provocative positions and for descriptive 3000 Arlington Boulevard, Falls Church, Virginia 
Melpar brochure, write to Melpar Professional Placement Man- - ‘ a 
ager, Falls Church, Virginia. Qualified candidates will be invited Applied Science Division: 
CALIF. to visit Melpar at company expense. 11 Galen Street, Watertown, Massachusetts 
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If you're the type who enjoys unravel- 
ing tough problems. . . who finds it 
hard to resist any challenge. . . you're 
apt to discover unique satisfaction 
and opportunity in the dynamic field of 
electronic data processing. 

The marketing of data processing 
systems is challenging and fascinat- 
ing. After comprehensive training, you 
work with management executives in 
diverse industries, study their busi- 
ness or scientific problems, figure out 
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the solutions by use of data process- 
ing systems, and assist the customer 
in putting the solutions into effect. 


Electronic data processing offers great 
opportunities for outstanding, techni- 
cally trained young men with a flair for 
business. It’s a new professional occu- 
pation offering unusual opportunities 
for personal and financial growth. 
There are openings throughout the 
country in either systems engineering 
or direct sales. 





DATA PROCESSING DIVISION 


If you are a recent graduate and hold 
a bachelor’s or advanced degree in 
engineering, science, or mathematics, 
call any of our 200 offices or send a 
resumé to: 

Mr. Charles B. Finley 

IBM Corporation 

425 Park Avenue 

New York 22, New York 


All inquiries will be acknowledged and 
treated confidentially. 
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You work for more than just the money you 
make on the job—there is a lot of satisfaction 
from that pleasant surprise of the owner when 
you turn on KIRLIN built-in lighting. 

Your customers are getting adequate, 
diffused light from above. They are 
satisfied, and so are you, for the 
Kirlin installation method costs 

less! . . . The frame is always 
flush with ceiling even 
though the box is 
not level or flush. 

NO 
LIGHT- 
LEAKS 
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Why You Profit with Kirlin ~~ 
INSTALLATION COSTS ARE LESS 


REGULAR BUILDING WIRE RUNS DIRECT | 
Pot Pend TO HEAT-INSULATED JUNCTION BOX 


NO CARPENTER WORK IS NEEDED 












* Made in al! sizes—square or * Individually packed for ship- 
rectangular —and in fluorescent ping 


id and 


* Alzak GlasSurfaced Aluminum * Spread-type or concentrating 
reflectors lens 


* Hinged Rust-resisting Doors in * UL and IBEW labels 
Die-cast Frames 


IN STOCK AT LEADING WHOLESALERS EVERYWHERE 


A Mounting bars C Junction box LARGEST SELLING RECESSED LINE—MILLIONS IN USE EVERYWHERE 


B Romex or RC wire D Heat-insulated 
The KIRLIN C0 3435 E. JEFFERSON AVE. 


e DETROIT 7, MICHIGAN 
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New Books published and to be published 
by McGraw Hill... 


THEORY OF METAL CUTTING 


By Paul H. Black, Ohio University. Ready in February, 1961. 


GERMAN-ENGLISH SCIENCE DICTIONARY 


New Third Edition by Louis De Vries, Iowa State University. 592 pages, $7.00. 


SEMICONDUCTOR DEVICES AND APPLICATIONS 


By Richard A. Greiner, University of Wisconsin. McGraw-Hill Electrical and Electronic Engi- 
neering Series. Ready in May, 1961. 


TIME-HARMONIC ELECTROMAGNETIC FIELDS 


By Roger F. Harrington, Syracuse University. McGraw-Hill Electrical and Electronic Engineer- 
ing Series. Ready in January, 1961. 


TRAVELING WAVE ENGINEERING 


By Richard K. Moore, University of New Mexico. McGraw-Hill Electrical and Electronic Engi- 
neering Series. 368 pages, $11.00. 


ADAPTIVE CONTROL SYSTEMS 


Edited by Eli Mishkin and Ludwig Braun, Jr., Polytechnic Institute of Brooklyn. McGraw-Hill 
Electrical and Electronic Engineering Series. Ready in January, 1961. 


RETRIEVAL GUIDE TO THERMOPHYSICAL 
PROPERTIES RESEARCH LITERATURE 


Edited by Y. S. Touloukian, Purdue University, Volume I, the three book set, ready in January, 
1961, at $120.00. 


PRINCIPLES OF INERTIAL NAVIGATION 


By C. J. Savant, Jr., Northrop Corp. and the University of Southern California, Robert C. How- 
ard, Giannini Controls Corporation, and C. A. Savant, Northrop Corporation. Ready in Janu- 
ary, 1961. 


Send for your on-approval copies 


McGraw Hill Book Company, Inc. 


330 West 42nd Street New York 36, N. Y. 
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The President’s Report 


THE ANNUAL REPORT of President Julius A. Stratton, 
°23, dealt with the many recent changes, current 
trends, and potentialities of M.I.T. in its second cen- 
tury. “In simplest terms,” he wrote, “we propose to 
enhance the quality and character of professional edu- 
cation; to develop the physical environment of our 
campus so that it may contribute more effectively to 
the cultural and spiritual life of the student; and to 
create new facilities for furthering the advancement 
of scientific knowledge.” 

He cited as one of the extremely important steps 
taken lately “the development of teaching laborato- 
ries, new both in equipment and concept, which will 
supplement the new or revised courses in theory.” He 
emphasized the great potential of interdepartmental 
laboratories and centers “in providing the desired bal- 
ance and fullness of experience to the professional 
education of the engineer.” And he called attention to 
some of the recent physical changes in the Institute: 
@. The Department of Aeronautics and Astronautics 
has given up the old student wind tunnel in Building 
33 to provide a student projects laboratory. 

@ The Department of Mechanical Engineering has 
removed the majority of its materials-testing machines 
from Building 1, and some of its metal-cutting tools 
from Building 35, to provide space for more up-to- 
date equipment and studies. 

@ Senior House has become a self-contained unit by 
the addition of a gatehouse at the Ames Street end, 
and a wall and fence along Amherst Street. 

Among other items in the report which are not re- 
ported elsewhere in The Review were: 
@ The student body last year numbered 6,270; en- 
rollment in the Graduate School was 2,690. 
@. The Institute’s academic expenses rose approxi- 
mately 10 per cent to $25,468,000. 
@. Gifts during the year amounted to $17,355,000, as 
contrasted to slightly more than $10,000,000 in the pre- 
ceding year. 
@ Thirty per cent of the undergraduates received 
scholarship aid; approximately 75 per cent registered 
for part-time employment. 
@. Seventy-one different countries were represented in 
the foreign student population of 739. 

Copies of the report are being sent to all Alumni. 
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The Class of °64 


THE 900 FRESHMEN who entered M.I.T. this fall came 
from 600 secondary schools in 45 states and 25 foreign 
countries. Eighty-four per cent were in the top tenth of 
their secondary school classes; 164 were valedictorians 
and 56 were salutatorians. Twenty-four, a record num- 
ber, were women. Thirty-eight were children or grand- 
children of M.I.T. Alumni. 

(Three members of the new class are pictured above. ) 

In pre-admission interviews, the Class of 1964 ex- 
pressed high interest in physics, nuclear engineering, 
and mathematics. But M.I.T. students tend increasingly, 
according to B. Alden Thresher, ’°20, Director of Ad- 
missions, to defer their choice of a major field of in- 
terest for a year or two, and the Institute is encourag- 
ing this trend. 

Before regular classes began, the new class heard 
exhortations and encouraging remarks by President 
Julius A. Stratton, °23, and lectures on “The Accents 
of Cultures,” ‘by Professor Huston C. Smith; “Can Ma- 
chines Learn to Think?” by Professor Philip M. Morse; 
“The Architecture of Solids,” by Professor John Wulff; 
“Information Systems in Civil Engineering,” by Profes- 
sor Charles L. Miller, °51; and “Plasmas Open New En- 
gineering Vistas,” by Professor Herbert H. Woodson, 
*S1. 

They also heard Jonathan W. Bulkley, °61, describe 
his summer in Ghana as one of 190 American and 
Canadian students who took part in the Crossroads 
Africa project. Mr. Bulkley pointed out that a young 
Ghanian might become either a witchcraft practitioner 
or an airplane pilot; and his summer in Africa, he em- 
phasized, had heightened his appreciation of his oppor- 
tunities at the Institute. 


Inertial Navigation Patents 

Two PATENTS covering significant advances in the art 
of inertial navigation of ships and airplanes were is- 
sued this fall to Walter Wrigley, °34, Forrest E. 
Houston, *48, and Joseph E. DeLisle of the M.LT. 
Instrumentation Laboratory. Concepts and techniques 
covered by these patents already are being used in 
SINS (Ship’s Inertial Navigation Systems) aboard mis- 
sile-launching nuclear submarines, and may be appli- 
cable in commercial maritime and aviation industries. 
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709 Replaces 704 


THE 1BM 704 computer in the M.I.T. Computation 
Center, which 2,000 representatives of 32 New Eng- 
land schools have used, was replaced this summer by a 
$2,500,000 IBM 709. This new machine can be oper- 
ated more efficiently, and Professor Philip M. Morse, 
Director of the Center, expects that by next year “the 
majority of the students enteriny M.I.T. will learn how 
to use a digital computer before they obtain their un- 
dergraduate or graduate degrees.” 

The International Business Machines Corporation 
contributed the 709, as it did the 704, as part of its 
program of assistance to education and academic re- 
search. The company also makes about 24 research 
assistantship grants each year, about half of which come 
to M.I.T. and half to other co-operating institutions. 
Only one other university has an IBM 709 devoted to 
education and research. 

More than 1,000 different problems were run on the 
704 during the three years it was at M.I.T. It calcu- 
lated the orbit of Sputnik I, and worked on a great 
variety of other problems in accounting, nuclear phys- 
ics, psychology, meteorology, business cycle prediction, 
physiology, astronomy, public medicine, and game 
playing. With it, too, M.I.T. researchers devised new 
“languages” to employ in communicating with comput- 
ers. These included one called COMIT, used for ma- 
chine translation and research regarding human lan- 
guages; LISP (for list processor), which permits oper- 
ators to instruct a machine to solve problems in mathe- 
matical logic; and DYNAMO, a language used in the 
simulation of industrial and business situations. 

At the same time that Professor Morse announced 
the installation of the new machine, he announced the 
appointment of Fernando J. Corbato, °56, as Associate 
Director of the Computation Center. 


Changes in Course VI-A 


J. FRANCIS REINTJES, Associate Professor of Electrical 
Engineering, has become administrator of the coopera- 
tive course in electrical engineering at M.I.T., require- 
ments for admission to the course have been modified, 
and more Faculty participation in the program has been 
arranged. Known as Course VI-A, this program permits 
undergraduates in electrical engineering to combine their 
academic studies with employment for specified periods 
in industry or government, and thus to gain an under- 
standing of the bearing of scientific and engineering 
principles that are discussed in their classrooms on cur- 
rent engineering problems. The students in the program 
are selected by concerns co-operating with the Institute, 
and continue academic studies during their absence from 
M.I.T. All second-year electrical engineering students 
who are in good standing may apply for admission to 
Course VI-A now. 

As its administrator, Professor Reintjes succeeds 
Eugene W. Boehne, ’28, who has joined the engineering 
staff of the I-T-E Circuit Breaker Compan¥, in Philadel- 
phia, after heading Course VI-A for 13 years. Professor 
Reintjes has been a member of the Institute’s Faculty 
since 1947, and is also Director of the Electronic 
Systems Laboratory. 

Industrial and governmental organizations currently 
participating in the co-operative program, and members 
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of the Faculty responsible for liaison with them, are: 
Air Force Cambridge ‘Research Center (Bedford, 
Mass.), Lan J. Chu, °35; American Electric Power 
Service Corporation (New York) and Boston Edison 
Company (Boston), Karl L. Wildes, °22; Bell Telephone 
Laboratories (Murray Hill, N. J.), Claude E. Shannon, 
"40; General Electric Company ( Pittsfield, Mass.) , Rob- 
ert L. Kyhl, ’47; General Electric Company and Philco 
Corporation (Philadelphia), Henry J. Zimmermann, 
°42; General Electric Company (Syracuse and Utica, 
N.Y.), Leonard A. Gould, ’48; General Radio Com- 
pany (Concord, Mass.), Truman S. Gray, °29; Inter- 
national Business Machines Corporation ( Poughkeepsie, 
N. Y.), Dean N. Arden; Raytheon Company (Waltham, 
Mass.), William M. Siebert, °46, and Louis D. Smullin, 
39; and U. S. Naval Ordnance Laboratory (White Oak, 
Md.), Herbert H. Woodson, °51. 

The changes made recently, to strengthen and expand 
the program, were recommended by a committee of 
administrators and alumni of the course which included 
Professors Woodson, Samuel H. Caldwell, °25; Marcy 
Eager; and Amar G. Bose, °51. 


Automata in Russia 


CONCENTRATION on the theory and applications of au- 
tomatic control is a cornerstone of the Soviet Union's 
campaign to outdo the American economy, according 
to experts who attended the first congress in Moscow 
of the International Federation for Automatic Control 
last summer. It was a congress at which M.I.T.’s Facul- 
ty and Alumni were well represented, and a report on 
it was a highlight of a Joint Automatic Control Con- 
ference, sponsored by five professional societies, at 
M.I.T. this fall. 

“They are vastly more aware of what we are doing 
than we are of their work,” said John G. Truxal, °47, 
Head of the Electrical Engineering Department at the 
Polytechnic Institute of Brooklyn. The Russians place 
a heavy emphasis on control theory, but a move now 
under way to set up automation institutes for specific 
industries is calculated to marry theory to practice in 
the next five or ten years, other participants in the dis- 
cussion agreed. “Russia is trying to leap-frog over 50 
years of U.S. technical development which necessitated 
the development of great skill on the part of individual 
workers here,” Dean Gordon S. Brown, °31, of the 
M.I.T. School of Engineering, pointed out. Automatic 
control has become a sacred cow there, he continued, 
because it is needed badly if they are, as they claim, to 
overtake the U.S. The point for us to realize, he con- 
cluded, is that the Soviets can play havoc with the or- 
derly economic system of the free world if they want to, 
because by their totalitarian system they can set prices 
on goods that have the desired political effect, regard- 
less of the cost. 


The Shakespearean Imagination 

Every Tuesday evening at 7:30 P.M., now, Norman N. 
Holland, °47, Assistant Professor of English at M.LT., 
can be seen on WGBH-TV Channel 2 in and near Bos- 
ton. He is giving a course entitled “The Shakespearean 
Imagination” for the Commission on Extension Courses 
of Harvard University. Professor Holland was formerly 
this educational station’s “Film Critic.” He is lecturing 
this year on 13 Shakespearean plays. 
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Freeing Children From Hunger 


MANY CHILDREN in underdeveloped areas suffer from 
protein malnutrition. In the Indian village of Palin, 
Guatemala, parents recently were enabled to buy a new 
kind of food which will reduce such starvation. From 
three cents worth of it, three glasses of a drink can be 
made, each containing the same quantity and quality 
ol protein as a glass of milk. 

It is called Incaparina because the Institute of Nu- 
trition of Central America and Panama (INCAP) was 
responsible for its introduction. INCAP’s director, Dr. 
Nevin S. Scrimshaw, will come to M.1.T. next summer 
to head the Department of Nutrition, Food Science, 
and Technology (described below ). 

Incaparina is a mixture of vegetables which can be 
made into an “atole,” or thin gruel, by adding water 
and cooking for 15 minutes. It can be served hot or 
cold, and flavored to taste with sugar and cinnamon, 
vanilla, or anise. Soon after it went on sale in Palin— 
a village of 4,500—1,200 bags a week were being con- 
sumed there. Arrangements since have been made 
for its production and sale in El Salvador, Honduras, 
Nicaragua, and some parts of the United States. Secre- 
tary of State Christian Herter has hailed its development 
as a “major breakthrough.” 

Dr. Scrimshaw described it during the International 
Congress on Nutrition in Washington this fall, and de- 
clared: “It is certain that products similar to Incaparina 
can be developed in other areas by taking advantage 
of those local food sources most readily available at low 


cost.” 


M.I.T.’s New Food Program 


As PART of the broad development of life sciences at 
M.I.T., the Department of Food Technology is being re- 
organized and will be known henceforth as the Depart- 
ment of Nutrition, Food Science, and Technology. More 
emphasis will be placed on the basic science and bio- 
logical aspects of nutrition, and the Department will 
offer greatly extended curricula and research activi- 
ties. 

Samuel A. Goldblith, °40, the Department's Acting 
Head since the death of Professor Bernard E. Proctor, 
‘23, will be its executive officer. Starting next August 
1, its head will be Dr. Nevin S. Scrimshaw. He will 
continue an association with the Institute of Nutrition of 
Central America and Panama, and Institute students 


will benefit from close co-operation between M.I.T. 


and this international agency, which has a far-reaching 
program. 

Now 42 years old, Dr. Scrimshaw is also a regional 
adviser of the Pan American Health Organization, the 
Regional Office for the Americas of the World Health 
Organization; an adjunct professor of public health in 
Columbia University; and a visiting lecturer in the 
Harvard School of Public Health. He holds the degrees 
of master of arts and doctor in zoology, doctor of medi- 
cine, and master of public health. He has studied a 
wide range of problems, including the physiology of 
development, vitamin assays and metabolism, nutri- 
tional factors in pregnancy, endemic goiter, protein and 
amino acid metabolism, nutrition and infection, and 
other aspects of clinical and public health nutrition. He 
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Dr. Nevin S. Scrimshaw is coming from Guatemala to 
participate in M.I.T.’s development of the life sciences. 


received the Meade-Johnson Award of the Rochester 
Medical Society in recognition of his research on tox- 
emia in pregnancy, is a member of many learned socie- 
ties, and an honorary member of the Pediatric Society 
of Guatemala. 

Dr. Scrimshaw and his family have made their home 
in Guatemala City for the last five years, but his recent 
work has involved him extensively in world as well as 
regional nutrition problems. In addition to studying pro- 
tein and amino acid requirements, he has been involved 
in studies of disease and environment, how the body’s 
use of fat is affected by diet, and how these factors in 
turn influence cardiovascular disease. 

The department that he will head at M.I.T. has had 
a wide influence on the American food industry and 
the eating habits of the nation. It will continue its work 
in food technology and also emphasize food science and 
basic research oriented toward problems of human nu- 
trition. In describing the change, Dean George R. Har- 
rison of the School of Science called it “fairly radical” 
because it means “both an extension into new fields 
and strengthening of the food technology program in the 
direction of more basic research, particularly in the 
area of food toxicology and the effect of food processing 
on its nutritive value.” 

Robert S. Harris, °28, Professor of Biochemistry of 
Nutrition, participated in the meeting of Central Ameri- 
cans which led to the establishment of INCAP, and sug- 
gested at that time a co-operative arrangement with 
M.I.T. such as is now planned. “I hope it will be pos- 
sible,” says Dr. Scrimshaw, “for selected students to do 
Ph.D. thesis work at INCAP, and for physicians to re- 
ceive training and experience in clinical nutrition, pub- 
lic health nutrition, and the appraisal of nutritional 
states in summer courses at INCAP.” 
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Civil Engineering’s Future 


MAJOR CHANGES were made in the undergraduate 
Civil Engineering (Course I) program at M.I.T. this 
fall. While maintaining the strength of portions of the 
previous program, the new curriculum nevertheless rep- 
resents an appreciable modification of the classical 
images of civil engineering, reflecting the trend to de- 
vise new courses that will meet the demands of the 
future and take advantage of the special characteristics 
and capabilities of M.I.T. students. 

Modern physics, thermodynamics, fluid dynamics, 
electrical engineering, particulate mechanics (the study 
of particles such as those in the soils), and materials 
engineering are among the subjects now offered. Addi- 
tional requirements include statistical theory and math- 
ematical methods in civil engineering, including oper- 
ations research and computer methods. 

The Department of Civil Engineering also has de- 
veloped subjects in co-operation with other depart- 
ments covering such fields as geotechnical science and 
biological, social, and political factors in engineering. 

The student still takes subjects such as structural 
analysis and design, hydraulic engineering, and trans- 
portation engineering as part of his program, but with 
the broadened base in science and mathematics there 
is less emphasis on professional specialization. 

In making these changes, the Institute’s Faculty is 
looking to future trends. (See “Civil Engineering’s 
Scope Now,” by John B. Wilbur, ’26, on page 31.) 


The 10-to-the-10th Event 

A FAR GREATER cosmic-ray shower than ever was de- 
tected before fell last December on the Laboratory for 
Nuclear Science’s Volcano Ranch Research Station near 
Albuquerque, N.M. It was described, when announced 
last summer, as a 10-to-the-10th event, because 10 
billion particles rained down on the station’s counters. 
It was three times as intense as the record shower caught 


by the tubs set out at the Harvard Agassiz Observa- 
tory in 1957. 

Calculations showed that the energy of the cosmic 
ray that caused the great shower to fall in 10 millionths 
of a second must have been between 20 and 40 billion 
billion electron volts. This is at least 500 million times 
the highest energy imparted to a particle in a man-made 
atom smasher. 

Bruno B. Rossi, Professor of Physics, is convinced 
of the extragalactic acceleration mechanism for cosmic 
rays as a result of this and other recent discoveries. Now 
one of the most pressing questions facing the cosmic- 
ray physicists, says Stanislaw Olbert, 53, Assistant Pro- 
fessor of Physics, is the nature of the cosmic-ray par- 
ticles. It has been assumed that most of the primary 
rays are protons, but ionized nuclei of heavier elements 
may be more abundant than has been thought. 

John Linsley and Livio Scarsi reported the big 
shower. Their work was part of a broad research pro- 
gram supported by the National Science Foundation. 


Who Tells Who Over There 

How is scientific and technical information disseminated 
in the Soviet Union? Since the system of exchanging 
information there was developed under different cir- 
cumstances than have prevailed here, a study of it may 
reveal different approaches and solutions to problems 
that confront researchers everywhere. To learn more 
about it, the National Science Foundation has arranged 
for a comprehensive, two-year, M.I.T. study of the So- 
viet system. Boris I. Gorokhoff, formerly of the Library 
of Congress, is joining the Institute staff to devote him- 
self to this investigation. 

The nature, purpose, organization, and financing of 
information dissemination in the U.S.S.R. will be ex- 
amined. The study also will cover recent major changes, 
and the newly formed Council for Cybernetics and its 
activities. 








A DYNAMIC TESTING device for auto suspensions in- 
terested Douglas P. Adams (left), Associate Professor of 
Engineering Graphics, during a General Motors conference 
at its technical center for engineering and science educators. 
C. Elbert Valentine, 3d, 57, of the GM engineering staff, 
discussed its operation with his guest from M.LT. 
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HEADED FOR NIGERIA, William L. Hooper, ’57, was 
briefed by Dean Howard W. Johnson (left) and Carroll L. 
Wilson, ’32, of the School of Industrial Management. Mr. 
Hooper is one of eight recent M.I.T. graduates now on two- 
year tours of duty in Africa under a program for provid- 
ing assistance in the development of new countries. 
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Useful Belts in the Sky 


Wa TER E. Morrow, Jr., 49, of M.I.T. Lincoln Lab- 
oratory described a new and novel global communica- 
tion system at this fall’s meeting of the International 
Scientific Radio Union in London. Known as “orbital 
scatter,” it would utilize the reflective properties of thin 
belts of metallic fibers (or dipoles) sown in the sky at 
an altitude of several thousand miles. 

These fibers could be only about half an inch long 
and one-third the diameter of a human hair. They 
could be so strewn out that the average distance be- 
tween fibers would be a thousand feet. Yet men could 
communicate by radio between distant points on the 
earth’s surface by training their transmitting and re- 
ceiving antennas on such a belt. A great many exclu- 
sive communication circuits could operate simultane- 
ously. And two such belts—one orbiting above the 
equator and the other over the North and South Poles 
—would make continuous communication possible be- 
tween any two points on earth. 

A belt could be established, it is believed, by grad- 
ually releasing millions of fibers from a container eject- 
ed from a rocket in the desired orbit. The belt could 
be so designed that its lifetime would be a matter of 
months or years. It would not be affected greatly by 
solar radiation pressure, atmospheric friction, magnetic 
fields, micro-meteorites, or high-energy particles. Nor 
would it interfere seriously, those who have suggested 
it say, with astronomical observations or the use of space 
for other purposes. 

Tuned to resonate at radio frequencies near eight 
kilomegacycles (8,000 million cycles per second), the 
“dipole” fibers resemble the familiar dipole antennas 
used for TV and FM reception. At these frequencies, 
they scatter radio waves so efficiently that only nine 
ounces of copper dipoles (with a projected area of less 
than 20 square feet) would produce as strong an echo 
as the 100-foot-diameter space balloon Echo I, which 
has a projected area of almost 8,000 square feet. The 
balloon, on the other hand, reflects equally well over a 
very wide range of radio frequencies, but is relatively 
difficult to track with large antennas as it speeds across 
the sky. 

Since the belts would be relatively stationary in 
space, no high-speed tracking equipment would be 
needed to keep radio antennas trained on them. And 
since all of the active radio equipment would be on the 
ground, the communication system envisioned could be 


‘ highly reliable. 


Mr. Morrow developed the basic concept in collabo- 
ration with Harold Meyer of the Thompson-Ramo- 
Wooldridge Corporation. Lincoln Laboratory now is 
preparing experiments to test the feasibility of the tech- 
nique and confirm the results of theoretical studies. 


Pressure on Echo I 


AT AN ALTITUDE of 1,000 miles, 10 cubic miles of air 
weighs only about as much as one cubic inch at sea 
level. While a few men were bouncing signals off Echo 
I, and most of us were just admiring it, last summer, 
others sought accurate values of the air’s density up 
there and looked for the effects of solar radiation pres- 
sure. Their orbit measurements confirmed a theory con- 


NOVEMBER, 1960 





Two “orbital scatter” belts of tiny metallic fibers in sky 
could relay radio messages over very long distances. 





A cat’s whisker (at top) about two inches long would dwarf 
the fibers sown in the sky for such a communication system. 


cerning the impact of solar pressure which had been 
advanced by Harrison M. Jones and Irwin I. Shapiro 
of M.I.T.’s Lincoln Laboratory and R. W. Parkinson of 
the Thompson Ramo-Wooldridge Corporation. 

The total force of solar radiation on the balloon is 
quite small—estimated to be about equal to the weight 
of a salted peanut—but the balloon is so light that 
the effect on its orbit is quite dramatic. The altitude 
at perigee—the point of closest approach to earth— 
was observed to decrease by more than 27 miles during 
the first 12 days after launch, strictly in accordance 
with the theory, which further predicted that the de- 
crease would continue for about five months and a total 
decrease of 400 miles in perigee altitude, if the bal- 
loon remained reasonably intact. The altitude should 
then begin to increase again, and continue to oscillate 
over a 400-mile range for several years to come. 

The ability to predict the effect of solar pressures 
on large, lightweight satellites will clearly be helpful 
in determining the optimum orbits and launching times 
for specific missions. 
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Second Century Fund’s Leaders 


See M.LT.’s Expanding Needs 


YDUCATION IS “at the heart” of 

M.1.T.’s Second Century Fund, 
John J. Wilson, °29, its general 
chairman, declared at the Fund’s 
Leadership Conference, September 
9 and 10 in Cambridge—and this 
was the tenor of the whole two-day 
meeting. More than 200 Alumni 
and friends of the Institute, repre- 
senting 55 classes and 29 states, met 
to hear talks by Alfred P. Sloan, Jr., 
"95, the Fund’s Honorary Chair- 
man; James R. Killian, Jr., °26, 
Chairman of the M.I.T. Corpora- 
tion; President Julius A. Stratton, 
°23; and many other spokesmen for 
the Faculty and Fund. 

“Successful achievement of any 
kind guarantees expanding needs,” 
President Stratton declared in open- 
ing the conference. The 66 million 
dollars that the Institute is seeking, 
he emphasized, will be used not to 
enlarge M.I.T., but to enable it to 
continue to meet the needs of the 
times and the country. 

“The Institute,” said Dr. Killian, 
“is making up for lost time.” During 
the war, its people devoted them- 
selves unstintingly to the war effort. 
In the quarter century prior to 
1949, the Institute made no sub- 
stantial effort to augment its capital 
funds save for small amounts to 
build a dormitory and a swimming 
pool. “The ;esult is,’ Dr. Killian 
pointed out, “that today we find the 
Institute is inadequately capitalized 
to carry its present program and to 
take care of improvements.” 

A further reason for seeking capi- 
tal funds now, he continued, is the 
rapid and, in fact, desirable obso- 
lescence of its plant, equipment, and 
programs. By its own action, if it 
is successful, an institution such as 
M.I.T. creates change and new 
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Faculty and Alumni emphasize educational excellence and service 
to the nation in explaining the program to increase the capital funds 





In the Laboratory for Nuclear Science, experiments in space and the apparatus 
built to perform them intrigued Alumni visitors. 


knowledge, which produces new ob- 
solescence. 

“From its beginning,” he recalled, 
“M.I1.T. has been the embodiment 
of a new ideal in education. M.I.T. 
has always possessed within itself 
tthe seeds of further strength, and 
it has steadily proved itself by serv- 
ing the nation well. And so today, 
its surging intellectual vitality, its 
momentum, and its latent capacity 
for further greatness are at new 
highs. With this kind of institution, 


and with its superbly creative Fac- 
ulty and student body, we may ex- 
pect it always to be providing am- 
ple justification for additional re- 
sources.” 

Teaching and Research 

Gordon S. Brown, °31, Dean of the 
School of Engineering, declared that 
the Institute’s strength lay in the in- 
terplay of research, undergraduate 
courses, and graduate work. “We 
are convinced,” he said, “that the 
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William E. Barbour, Jr., °33, and 
Patrick D. Wall on biology tour. 


‘ Mrs. Robert C. Dean, ’29, and Dorothy 
W. Weeks, ’23, examining a model. 


effective pursuit of new and emerg- 
ing areas can best be carried on 
through the development of Centers, 
where staffs from many departments 
can intermingle.” 

C. Stark Draper, °26, Head of the 
Department of Aeronautics and As- 
tronautics, described the ways in 
which his Department endeavors to 
make the most effective use “of 
each heartbeat of the student and in- 
structor.” Its faculty, he declared, is 
“quite closely coupled to the envi- 
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Richard H. Catlett, °17, speaking to 
Fund Chairman John J. Wilson, °29. 


Frederick H. Dierks, °12, and Louis 
J. Darmstadt, °26, at the dinner. 


William H. Coburn, ’11, and Norman I. Sebell, °44, listen to Professor Irwin W. 
Sizer describe electrodes used to study cells. 


ronment,” and the Instrumentation 
Laboratory not only has contributed 
greatly to the nation’s strength by 
its research but has made “the in- 
ternship type of teaching” available. 

Irwin W. Sizer, Head of the De- 
partment of Biology, reviewed the 
last two decades of growth in inter- 
est in the study of living organisms 
on the molecular level, and showed 
impressive pictures and models of 
biological molecules. William P. Al- 
lis, 23, Professor of Physics, told a 


similar story of increased interest 
and progress in the study of plasma 
physics. (See page 27.) 

John T. Rule, ’°21, Dean of Stu- 
dents, introduced Joseph Harrington, 
3d, °61, and Douglas A. East, °55. 
Mr. Harrington described his work 
in economics and nuclear engineer- 
ing, and emphasized the diversity of 
M.I.T. undergraduates’ interests. 
Mr. East told how, as a graduate 
student and instructor, one “works 

(Concluded on page 54) 

















A Duty to M.I.T. and Society 


IN AN ADDRESS to Second Century Fund leaders, at 
their meeting in Cambridge on September 9, Alfred 
P. Sloan, Jr., "95, their honorary chairman, spoke 
as follows regarding the Institute: 


WE, THE ALUMNI, in promoting the interests of the 
Institute, should look upon our doing so not only 
as an obligation to a great scientific and educational 
cause but as a partial payment of the debt we owe 
the Institute for services rendered to us, as under- 
graduates, enabling us to qualify for the opportuni- 
ties and obligations of the world in which we live. 
There is no greater responsibility than to pay one’s 
debts. 

M.I.T. has passed through various phases in the 
evolution of years. When I was an undergraduate, 
Technology ranked as little more than a leading en- 
gineering school. Inspired by the imagination, the 
talents, and the leadership of the late Karl T. Comp- 
ton, Technology emerged from the status of an engi- 
neering school into a great scientific institution, thus 
enormously enhancing its responsibilities for service 
to our society, not only in the area of education but 
in all the various areas of scientific research. The 
Alumni, as I see it, owe and should recognize a 
deep obligation to the memory of the late Dr. Comp- 
ton, by not only making it possible to strengthen 
the scientific concept conceived by him but to erect 
on that foundation a great superstructure of con- 
stantly expanding service in recognition of the chang- 
es of time. 

It is well said, I believe, that in our system of 
private enterprise—and I do not know that educa- 
tion is any different—most components are avail- 
able to all who can qualify. The great differences 
between mediocrity and a high level of accomplish- 
ment are the people involved, their leadership, and 
how they work together. 

Since I was relieved from the confines of General 
Motors, and have had an opportunity to look around, 
especially in the area of education, I am constantly 
impressed with the broadly accepted recognition of 
Technology as the leading technological institution, 
not only in this country but in the world at large. 
That fact stands out crystal clear. Jt may be diffi- 
cult—as a matter of fact, it is difficult—to reach the 
top, but it is far more difficult to stay there than to 
get there. Hence, we get back to the significance in 
any type of human effort of the people involved, 
their leadership, and how they work together. 

Certainly we, the Alumni, would be derelict in 
our duty to the Institute and to our society, to say 
nothing of ignoring our opportunities, if we failed 
to appreciate our outstanding leadership and the 
competence of that leadership and to rally our loy- 
alty, our confidence, and our maximum effort to the 
support of Dr. Killian, Dr. Stratton, and their able 
group of scientists and educators, by providing the 


essential ways and means, or the tools, to capitalize 
the talents thus available to us and to utilize the 
expanding opportunities for service that continually 
present themselves. . . 


w we 


Our world is in a state of unstable equilibrium— 
in a mess, perhaps better describes it. Grave danger 
lurks in many areas. It appears that the decade of 
the ’60’s may well be the most critical period of 
the Twentieth Century. The prime question before 
the world’s leadership is: What must be done about 
it? Undoubtedly, military power is a deterrent 
against physical attack; more militant leadership may 
help; financial aid to less advanced countries per- 
haps offers a worth-while piece of expediency; and 
the encouragement of more social, educational, and 
creative interchanges between peoples, made feasi- 
ble by advanced means of transportation, offers, | 
believe, the promise of something worth while. But, 
is it not true that in the final analysis the basic cause 
for the world’s unrest, and the danger that exists 
today, in a climate of apparent prosperity, is lack of 
knowledge, or ignorance, expressing itself in far too 
many areas in appallingly low standards of living 
and appallingly high levels of political incompe- 
tence, dominated by ignorance and selfishness? How 
can the world’s free institutions be expanded and 
strengthened in such a background? 

It may be academic to say that knowledge is the 
means of promoting progress and security along the 
whole front of human endeavor. It is a fact never- 
theless. Social values, economic values, scientific 
values, human values involving human behavior— 
political and moral, health, security and spiritual 
values—all have their roots in knowledge and can 
thrive only in an atmosphere of expanding knowl- 
edge and understanding. And is it not true that edu- 
cation is the catalyst, or creative intrumentality, upon 
which the expansion of knowledge depends? Educa- 
tion could be the significant factor in the survival 
of our existing civilization. Does not such a concept, 
looking over our immediate horizon into the great 
beyond, broaden our responsibilities to the Second 
Century Fund? 


“KOR 


The goal of the Second Century Fund is an ambi- 
tious one. I am quite convinced that it has been most 
thoughtfully developed. Each component part might 
be looked upon as a building block in an imagina- 
tive vista of a great superstructure of constantly 
expanding service based upon a broad and solid 
foundation of scientific and educational accomplish- 
ment. Each such building block is an essential part 
of a co-ordinated and balanced whole. To obtain 
our objective will not be easy. It will require hard 
and aggressive work. But it can be done. 
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Plasma Research: A Case History 


PROFESSOR WILLIAM P. ALLIs, ’23, 
candidly summarized the history of 
plasma physics for M.1.T. Second 
Century Fund leaders at *heir meet- 
ing in Cambridge this fali. Plasmas 
are ionized gases, consisting partly 
of neutral atoms and partly of atoms 
from which an electron has been re- 
moved. Professor Allis’ account of 
this wonderland follows: 


ip ORIGINATOR of plasma phys- 
ics in this country was Irving 
Langmuir, some 30 years ago, 
whose interest in this field was stim- 
ulated by the importance of mer- 
cury rectifiers. His successor in this 
field was Karl T. Compton, who 
was later deflected into administra- 
tive work. My interest originated 
from my postgraduate work on atom- 
ic cross sections with Arnold Som- 
merfeld in 1930 and continued be- 
cause the new-fangled quantum the- 
ory was too difficult for me. I strug- 
gled rather vainly with Boltzmann 
theory until 1941 when Sanborn C. 
Brown, °44, a student of Robley D. 
Evans, came to me with a stack of 
data on Geiger-Miiller counters and 
asked for help in developing a 
theory for them. This started a fruit- 
ful collaboration of theorist and ex- 
perimenter. 

World War II interrupted our 
work, but then supplied a vital ele- 
We fell heirs to the micro- 
wave equipment and techniques of 
the Radiation Laboratory, and this 
directed our efforts into microwave 
discharges. A fourth element, mon- 
ey for research assistantships, was 
supplied by the armed services 
through the Research Laboratory of 
Electronics. These four elements 
plus the students constituted “a 
plasma school” of about 12 people 
with a budget of $60,000. This was 
then practically the only “plasma 
school” in the country, the one at 
the University of California under 
Leonard Loeb being relatively small. 
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The men who spend “big money” for Uncle Sam now were trained 
when support was meager and only “fuddy-duddies” really cared 
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“Well, at least we got the water back.” 


Basic plasma research is seldom photogenic. Professor David J. Rose, ’50, of 
M.LT., drew this cartoon for colleagues studying thermonuclear reactions. 


We have trained some 30 Ph.D.’s, 
the most prominent among whom is 
Benjamin Lax, ’49, the Director of 
our new Magnet Laboratory which 
is being erected on Vassar Street. 
He was one of the first to study the 
effects of a magnetic field on a plas- 
ma. The recent explosive growth of 
interest in plasmas is entirely con- 
nected with their interactions with 
strong magnetic fields. 

In 1952 the possibility of con- 
trolling a thermonuclear reaction in 
a magnetic bottle was glimpsed, and 
the Atomic Energy Commission em- 
barked on a gigantic effort to beat 
the Russians in doing so. Both sides 
lost in this contest. M.I.T. volun- 
tarily refrained from participating 
in this effort at first because of the 
security restrictions, but now that 


the security has been relaxed we 
have an A.E.C. contract of $250,- 
000 which supports about 30 peo- 
ple. It is unclassified and of great 
educational value. With it we do 
much of the truly basic research for 
the A.E.C. The thermonuclear re- 
search budget of the A.E.C. amount- 
ed in 1959 to $27,000,000, the larg- 
est contracts being with Princeton, 
the University of California, and 
Union Carbide, for research with 
colossal machines in laboratories off- 
campus which, therefore, have little 
educational value. Only 1 per cent 
of this budget goes to education. 

In the meantime the universal im- 
portance of plasmas was being “dis- 
covered”: 

@. The small magnetic fields in in- 
terstellar space, because of their 
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great extent and because of the con- 
ducting plasma between the stars, 
were found to be strong enough to 
pull the stars into the spiral arms of 
the galaxies, and to accelerate cos- 
mic rays. 

@. Probing | satellites discovered 
belts of plasma, the Van Allen lay- 
ers, around the earth. 

@. Re-entering missiles generated 
plasmas in the atmosphere hot 
enough to melt their nose cones. 
@. The exhaust jets of rockets are 
themselves plasmas and worthy of 
study. 

@. The plasma jet was developed 
as a high-temperature environment 
(15,000 degrees C.) for the study 
of materials. 

@. Magnetohydrodynamics, which 
is the science of pushing conducting 
fluids around with magnetic fields, 
showed promise of using plasmas 
dynamically to convert energy be- 
tween its electrical and mechanical 
forms, and thus possibly do away 
with rotating electrical machinery. 
@ The plasma diode is a device 
which converts thermal energy di- 
rectly into electrical energy and may 
very soon be practical. 

The funds available to the Elec- 
trical, Mechanical, and Nuclear En- 
gineering Departments were quite 
inadequate for them to enter these 
promising new fields. They also 
wished to share know-how and fa- 
cilities with those already existing in 
the Physics Department. To this 
end, funds were sought and a grant 
of $500,000 for two years was ob- 
tained from the National Science 
Foundation. This is the largest sin- 





You are looking into a vacuum cham- 
ber, at a simple, highly ionized gas. An 
inexpensive way to produce such a 
plasma, containing hardly any neutral 
particles, has been found by Professor 
David J, Rose, 50, and members of the 
Thermonuclear Division of the Oak 
Ridge National Laboratory. It is being 
developed both at Oak Ridge and at 
M.L.T. as a research tool. 

The gas is fed into the chamber 
through a cathode within a magnetic 
field. While still inside the cathode, the 
gas becomes almost fully ionized; when 
it leaves, the interactions between its 
particles are nearly all electrical. With 
this plasma stream, wave propagation, 
electrical noise, and oscillations can 
be studied in new ways. 


gle grant of its kind that the founda- 
tion has made, and differs from our 
other funds in the freedom which 
we have in using it. We hope that 
our results will be such as to en- 
courage the National Science Foun- 
dation to expand this policy of grant- 
ing funds to develop research in an 
area of science. 


An interdepartmental committee 
was set up to co-ordinate the work 
in the Electrical, Mechanical, and 
Nuclear Engineering and Physics 
Departments, and the business office 
of the Research Laboratory of Elec- 
tronics takes care of all administra- 
tive problems. We now have about 


100 people working in this area, of 


whom 12 are professors, and a year- 
ly budget from all sources of $700,- 
000. Departmental lines are so near- 
ly erased in the research work that 
I hardly know which department 
any of my students belongs to. 

In due time we will have close 
links—probably copper bus-bars— 
with the new Magnet Laboratory. 
Our requirements are somewhat 
different from those for solid-state 
research as we need smaller fields 
over larger volumes, but the current 
requirements are the same. Our 
most urgent requirement, however, 
is for a common roof under which 
we may work together. 

The moral of this story is that the 
development curve for a research 
effort in any field has a long ap- 
proach followed by a steep front and 
a slow decay. Government or other 
funds are generally available for 
the steep front, when the need is ob- 
vious, although even then most of 
the money goes into nonbasic re- 
search, and | per cent to education. 
But the long approach has to be 
done by the universities on their 
own funds, because the men who do 
this are “the fuddy-duddies who 
don’t see what is important.” Yet 
this is when the people are trained 
who will spend the big money leter. 





Pertinent Facts About M.I.T. 


M.I.T. probably has the most 
comprehensive and varied research 
program in the physical sciences and 
technology to be found in any one 
place in the world. It has currently 
under way 900 separate research 
projects. 

fp owe he 

M.I.T. awards 13 per cent of the 
nation’s total output of doctorates in 
engineering and 10 per cent of all 
master’s degrees in engineering. The 
number of engineering doctorates 
awarded by the Institute is more 
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than double the number awarded by 
the second-ranking institution. 


The Institute currently awards 
over 8 per cent of all U.S. doctor- 
ates in physics, and on no other 
single campus in the United States 
have so many doctorates in physics 
been awarded. 

Harvard and M.I.T. stand first 
and second, respectively, and far 
ahead of most other institutions, in 
the number of National Merit Schol- 
arship recipients enrolled. 


M.I.T. virtually created the mod- 
ern profession of chemical engineer- 
ing and was the first technological 
institution to recognize and provide 
for economics as an important ele- 
ment in the education of the engi- 
neer. The Institute was the first 
school to establish courses in aero- 
nautical engineering, architectur- 
al engineering, chemical engineer- 
ing, food technology, industrial bi- 
ology, marine engineering, and 
naval architecture. 


Some 1,500 M.I.T. Alumni are 
presidents of private companies and 
institutions in the United States; 
about 1,200 are vice-presidents. 
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The Greatest Magnets of All 


Will Be at M.LT. 


rPVHE CLASS OF 1964 at M.LT. 
{ will watch as undergraduates 
the construction of a new national! 
center for the study of magnetic 
phenomena. During the next four 
years, the apparatus needed to pro- 
duce a continuous magnetic field of 
unprecedented strength will be as- 
sembled at M.I.T. Construction of a 
new laboratory to house it is sched- 
uled to begin next year. When com- 
pleted this laboratory will be the 
world’s most advanced facility of its 
kind for research regarding proper- 
ties of matter and energy. 

This will be the next leg of the 
“voyage of exploration” on which 
Professor Francis Bitter embarked 
more than a quarter of a century 
ago. In the 1930’s he developed 
solenoid magnets, operated by a 
1.7-million-watt power station, ca- 
pable of sustaining a field of 100,- 
000 gauss. These still rank among 
the world’s great magnets, but those 
now being designed will be far more 
powerful. They will produce a con- 
tinuous field of 250,000 gauss. This 
is 500,000 times the strength of the 
earth’s magnetic field. 

Professor Bitter has given up his 
position as Associate Dean of the 
School of Science to assume primary 
responsibility for the design and 
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completion of this facility. Since its 
program will be focused on earth 
and space science, as well as on 
electronics and atomic physics, he 
will be professor of geophysics 
henceforth rather than professor of 
physics. 

Benjamin Lax, °49, will be the 
new laboratory’s director, and Don- 
ald T. Stevenson, °50, will be its 
assistant director. Henry H. Kolm, 
50, and D. Bruce Montgomery, °56, 
are designing the magnet and par- 
ticipating in the planning of the 
‘aboratory. All four members of this 
team are associated with Lincoln 
Laboratory, Dr. Lax as head of 
the Division of Solid State Physics, 
and Dr. Stevenson as a group leader 
in this division. 

Dr. Lax, whose special field is 
the study of electrical properties of 
semiconductors, received the Oliver 
E. Buckley Solid State Prize of the 
American Physical Society this year. 
His research in the fields of cyclo- 
tron resonance in semiconductors, 
magneto-optic properties of solids, 
and the electromagnetic behavior 
of ferrites, has provided new in- 
sights into the basic electrical struc- 
ture of solids. This kind of basic 
understanding is a vital link in the 
development of practical solid-state 





Benjamin Lax, °49 (left), will be the laboratory’s director; James M. West (center) 
and Donald T. Stevenson, ’50, will assist him. 
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Prof. Francis Bitter will direct the 
building of the new magnets. 


devices such as transistors, masers, 
and ferrite microwave components. 

James M. West, who was con- 
tract negotiator for Lincoln Labora- 
tory before becoming associate di- 
rector of the M.I.T. Division of 
Sponsored Research, will be assist- 
ant director for administration of 
the new laboratory. 


An Air Force Project 


The Institute and the U.S. Air 
Force concluded a $9,502,000 con- 
tract several months ago for the 
construction of this laboratory. Plans 
for it were announced simultaneous- 
ly by Lt. Gen. Bernard A. Schreiver, 
Commander of the Air Research and 
Development Command, and Presi- 
dent Julius A. Stratton, °23. 

The over-all cost of constructing 
the laboratory was estimated at $6,- 
078,000 and $3,424,000 was allo- 
cated for staffing and preliminary 
research. Of the total, $5,600,000 
was designated for construction and 
management during the fiscal year 
which began last July 1. The lab- 
oratory’s annual research budget af- 
ter it goes into full operation in 
1964 is expected to be about $2,- 
000,000. 

The new laboratory will be along- 
side the Institute’s nuclear reactor 
on Albany Street, on a site occupied 
for many years by the Ward Baking 
Company’s building. Most of this 
building will be razed, and construc- 
tion of the new facility will begin 
soon. A two-story structure adja- 
cent to eight magnet test cells and 
the power supply is planned to ac- 
commodate supporting shops and of- 
fices. 

Jackson and Moreland, Inc., of 
Boston, which worked with Profes- 
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The new magnet laboratory’s site. 


sor Bitter on the high-field magnet 
facility that he developed for M.LT. 
many years ago, has prepared pre- 
liminary design studies, and is now 
furnishing engineering services. 
Novel engineering solutions will 
be required both to provide the 
necessary power and to cool the 
magnets. An 8-million-watt power 
plant with an additional pulsed ca- 
pacity of 32-million watts is planned. 
This plant will be capable of fur- 
nishing 40,000 amperes at 200 volts 
direct current on a continuous basis, 
and 160,000 amperes will be made 
available for two-second periods by 
using energy stored in large fly- 
wheels. The short-time, high-power 
operation will result in the produc- 


tion of extremely intense magnetic 
fields with more volume than those 
produced on a continuous basis. Be- 
cause of the heat that will be gener- 
ated, large amounts of high-purity 
cooling water will be needed. This 
will be cooled by water pumped to 
the site from the Charles River. 


The Research Program 


The impetus for creating this new 
laboratory came from the active sci- 
entific program in solid-state phys- 
ics at Lincoln Laboratory. 

Magnetic fields govern and can 
help explain much of the behavior 
of atoms, atomic particles, and ag- 
gregations of atoms in solids, liq- 
uids, and gases. Magnetic phenome- 
na figure importantly in cosmologi- 
cal theories as well as in studies of 
atomic nuclei. Increased under- 
standing of such phenomena could 
prove helpful in many sciences, and 
in the solution of such varied engi- 
neering problems as the exploitation 
of materials, the improvement of 
communications, and the develop- 
ment of new sources of energy. 

In explaining the new _ labora- 
tory’s program to the press, Dr. Lax 
pointed out that electrons and atom- 
ic nuclei are like minuscule spin- 
ning tops, whose motion is strongly 
influenced by a magnetic field, just 
as the earth’s gravity causes a toy 
top to wobble around its stable po- 


sition. The higher the magnetic 
field one attains, the easier it be- 
comes to measure with precision the 
interaction of these electronic and 
nuclear tops. 

An electron in a magnetic field 
goes in circles at a frequency which 
increases with the strength of that 
field. For a given field, this fre- 
quency is often much higher when 
the electron is in a solid than when 
it is in a gas. This frequency, more- 
over, can change if the direction of 
the magnetic field relative to the 
crystalline axes is changed. By 
measuring these frequencies physi- 
cists have explained some of the 
complexities of a large variety of 
materials. 

Higher magnetic fields are ex- 
pected to be helpful in ascertain- 
ing further quantitative details of 
nuclear structures and acoustical 
and optical phenomena. They will 
make it possible to study a greater 
number of semiconductors and me- 
tallic alloys than have been exam- 
ined thus far. 

“The new laboratory,” Dr. Lax 
said, “will foster activities that en- 
rich our knowledge not only of sol- 
ids but also of gases, liquids, and 
ionized gases, and undoubtedly will 
contribute to our eventual peaceful 
use of thermonuclear energy and to 
the development of new electronic 
devices.” 





New Biology Laboratories 


— INSTITUTE’S biology labora- 
tories were enlarged this fall by 
a major change in the John Thomp- 
son Dorrance building. The green- 
house on its roof is gone, and its 
eighth floor is now the same size as 
those below it. The additional 2,900 
square feet of laboratory space thus 
provided will be used mainly for re- 
search in embryology and tissue 
culture. 

Eugene Bell, Associate Professor 
of Biology, will have an embryology 
laboratory at one end of the build- 
ing, and James E. Darnell, Jr., As- 
sistant Professor of Biology, will 
have a_ specialized tissue-culture 
laboratory at the other end. Dr. 
Bell is noted for his use of ultra- 
sonic techniques to study the de- 
velopment of limbs. Dr. Darnell, 
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who is now working at the Pasteur 
Institute in Paris, will come to 
M.I.T. next year. Here he will be 
associated with Professor Salvador 
E. Luria in the study of such prob- 
lems as how viruses invade cells. 
Space left available by moving Dr. 
Bell’s laboratory to the eighth floor 
will be used to enlarge Professor 
Patrick D. Wall’s neurophysiologi- 
cal laboratory. 

Molecular and cellular biology 
will be closely integrated in the new 
laboratories’ research program. It 
will include studies of bacterial 
genetics, enzyme formation within 
cells, metabolism of cells in tissue 
culture, and other phenomena in 
living cells. Mammalian cells will 
be grown, the way bacteria and ex- 
perimental animals have been, in 


controlled environments. Viruses 
are believed to figure in certain 
types of cancer, and this will be one 
of the possibilities explored. The 
opening of these laboratories, in 
fact, is the first stage of a long-range 
program planned to make the Insti- 
tute one of the world’s leading cen- 
ters for the study of biology at mi- 
croscopic and submicroscopic lev- 
els. 

Building and equipping the new 
laboratories with air-conditioned, 
dust-free rooms, and the necessary 
sterilization, incubation, and other 
apparatus, has cost more than $240,- 
000, of which $100,000 came from 
the National Institutes of Health. 
Anderson, Beckwith, and Haible 
were the architects; Severud, Elstad 
and Krueger, the Delbrook Engi- 
neering Company, and Edwin P. 
Mahard provided engineering serv- 
ices; and the Rich Construction 
Company, of Boston, was the con- 
tractor. 
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Civil Engineering’s Scope Now 


BY JOHN B. WILBUR 


HAT is a civil engineer? We recoil in dismay when 
W we sometimes find that the public thinks of us as 
men in muddy pants, peering through transits; for we, 
of course, know better: We know that a civil engineer 
is one who uses science “plus” to fling gleaming spans 
across chasms, to carve the countryside with inter- 
changes and with super-highways, to change the very 
geography of the earth with mammoth dams, and to 
rear mighty structures skyward where they stand un- 
daunted through earthquake and storm. We know that 
a civil engineer may be a structural engineer, a sani- 
tary engineer, an hydraulic engineer, a soils engineer, 
a building engineer, or—you name it. 

Is it possible that, without our having realized it, the 
civil engineer, as such, has become something of a fig- 
ment of the imagination? Has civil engineering become, 
in effect, a general term that embraces a variety of 
areas such as structures, transportation, and waste dis- 
posal, each important in its own right, but with little to 
relate them in underlying unity of purpose? 

We deal primarily with public works, you may say. 
Highways, bridges, water supply, sanitation, and simi- 
lar undertakings are so close to the social and economic 
welfare of people that they are primarily associated 
with government. Public works, together with corre- 
sponding engineering for industry, reveal the nature of 
civil engineering. Here, indeed, is a plausible charac- 
terization of our profession; but something of impor- 
tance, it seems to me, has been omitted. For public 
works are not ends in themselves, but are built to per- 
form certain functions; and when we begin to enumer- 
ate these functions we are back to transportation, waste 
control, water supply, and shelter—and still faced with 
the atomistic purpose of our calling. 

Or again, it may seem to some of us that “construc- 
tion” is the key word of the civil engineer; everything 








An Idlewild building photographed by F. S. Lincoln, ’22. 
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It fulfills human needs through adaptation and 
control of the land, water, and air environment 


JOHN B. WILBUR, ’26, has 
headed the M.1.T. Depart- 
ment of Civil and Sanitary 
Engineering since 1946. 
As a participant in a Con- 
ference on Civil Engineer- 
ing in Ann Arbor, Mich., 
last summer, he contrib- 
uted the thoughts that are 
set forth in this article. 





that he plans and designs, it may be pointed out, has 
true meaning only when it is translated into reality. 
Here is another plausible characterization of civil en- 
gineering; but here again we find no unity of underly- 
ing purpose. To construct something is no more an end 
in itself than to design public works. 

If a young man is thinking of medicine, law, aero- 
nautical engineering, or metallurgy as a career, an un- 
derstanding of the underlying purpose of the field does 
not seem difficult to come by; but when we turn to civil 
engineering, this is more elusive. Unity of purpose in 
our field would not only help young people in their ca- 
reer decisions,. but would help us design educational 
programs; indeed, it would inject a greater spirit of 
unity and clearer identity of goal into the entire civil 
engineering profession. It somehow should be made ap- 
parent to everyone that the civil engineer in the lab- 
oratory who is studying the turbulence of water is work- 
ing toward the same basic objective as the civil engi- 
neer in the design office who is determining the proper 
thickness of a concrete shell. 


Radioactivity’s Threat 


I cannot very well point out the need of a unifying 
theme of purpose in civil engineering without offering 
a suggestion as to the form that it might take. There 
are trends that we should be guided by. Among these 
are today’s rapid tempo of scientific and technological 
advance, the explosion of population, and the rate at 
which we are plundering our natural resources. Associ- 
ated with all three of these trends is the rate at which 
man seems to be poisoning—and in some instances 
strangling—much of the environment in which he lives. 

The pollution of lakes and streams with sewage and 
industrial wastes, for example, has long been one of the 
problems to which civil engineers have addressed them- 
selves. Now we are faced with a newer and graver situ- 
ation, arising from the increasing importance of radio- 
active by-products. Not only health, but life itself may 
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be at stake; the problem is pointed up when it is real- 
ized that by 1980, according to estimates, all the wa- 
ters of the oceans will not be sufficient to dilute—with- 
in man’s tolerance to radioactive substances—a single 
year’s output of fissicn products. 

Water, that essential of man’s environment which fre- 
quently has been so plentiful that many of us have 
taken it for granted, is becoming a scarce commodity. 
It is estimated that by 1980 there will be 200 million 
people in the United States alone; three-quarters of this 
population will be living in industrial complexes extend- 
ing continuously for several hundred miles along coastal 
waters and inland waterways. The quest for new sources 
of water to support these concentrations will be end- 
less. We must find not only new sources but new meth- 
ods of treating water—for it must be used and reused, 
and then used again. 

Or let us turn to the air, so plentiful on clear days, 
yet so restricted at times that some of our metropolitan 
areas are faced with serious problems of smog. Hydro- 
carbons, which some believe to be cancer-producing, 
are being discharged into the atmosphere in tonnage 
quantities today, to say nothing of tomorrow. Methods 
must be found to control these airborne wastes. 

Buildings and other structures not only control man’s 
environment, but are part of that environment. I be- 
lieve that we have gone too far in building structures 
“for the ages,” so to speak—for permanence in struc- 
tures, while sometimes desirable, is basically the equiv- 
alent of a long-term commitment to the shape of the 
world around us. Today, around many of our major 
cities, so-called “grey belts” are found, comprised of 
structures that have become obsolescent before they 
have reached the end of an otherwise useful life. We 
must find new building materials, new structural forms, 
new methods of construction and reconstruction—so 
that the structures we build in the future can be more 
economically changed or replaced. 

The ground facilities for transportation are not only 
part of environment but exert a dominant influence on 
the development of environment as a whole. Mobility 
is one of man’s basic needs, yet we are approaching a 
transportation crisis in this country—a crisis of which 
traffic strangulation in our cities today is but a single 
facet. Our dilemma of transportation is not going to be 
solved just by building more expressways or by tax re- 
lief for railroads, however important such steps may be. 
We need new forms of transportation, and we need to 
co-ordinate its various forms into total transportation 
systems. We need, too, to develop technical possibili- 
ties such as automatic controls for transportation, so 
that available space for mobility can be utilized more 
fully and safely. 

I believe that from a consideration of these five areas 
—radioactive wastes, water shortages, air pollution, 
obsolescent structures, and traffic congestion—chosen 
somewhat at random from among the problems that 
must be faced primarily by civil engineers, my refer- 
ence to the rate at which man seems to be poisoning 
and in some instances strangling the environment in 
which he lives becomes justified. These and other typical 
problems of civil engineering have three common de- 
nominators: 

1) They all deal with the fulfillment of human needs 
on a large scale; 
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2) They all deal with the land-water-air environ- 
ment; and 

3) They all deal with the adaptation and control of 
that environment—using the term environment in a 
broad sense that includes land-based structures and fa- 
cilities as well as the land, water, and air themselves. 

These three common denominators may, if we choose, 
form the basis for a unifying theme of purpose for civil 
engineering. The theme suggested after serious consider- 
ation of this matter by a committee of my colleagues is: 
The fulfillment of human needs through the adaptation 
and control of the land-water-air environment. Envi- 
ronment is essential to well-being wherever man pre- 
vails—in the underdeveloped countries of the world as 
well as in our “overdeveloped” metropolitan areas— 
and it will be equally important, although in different 
ways, as man probes into space and finally lands on 
the moon. 


The Roots and Tools 

This theme in no way limits the scope of civil engi- 
neering; such basic objectives as mobility, shelter, 
health, and the like, are—and will always remain— 
among man’s greatest needs. Neither does it suggest that 
there will not always be areas of proper specialization 
within the field. It does imply, however, that whether 
one processes fresh water from the oceans or disposes 
of fission wastes in glass capsules, designs monorails 
for a city or teams up photogrammetry with digital com- 
puters for automatic route location, builds plastic struc- 
tures or stabilizes soil with chemicals, harnesses the wa- 
ters in the interior of Africa or constructs DEW Line 
stations on the Greenland icecap, remains earthbound 
while doing such things or sallies forth to distant planets, 
one is in all cases striving to fulfill human needs through 
the adaptation and control of the land-water-air envi- 
ronment. 

It suggests, too, that since civil engineering deals with 
man as well as with his environment, it has its roots not 
only in the physical sciences but in the earth, life, and 
social sciences. Building from these roots, the civil engi- 
neer is concerned with the engineering of components 
such as the structures, ground facilities and processes 
that comprise and control environment. Tomorrow he 
must go beyond this: To truly serve man’s needs, these 
components must be engineered into environmental sys- 
tems such as those involved in water resources and 
transportation—and these are systems that involve so- 
cial as well as physical forces. 

Modern technology, which in part has led to some of 
our great environmental problems, also provides pow- 
erful new tools to aid in their solution—analytical tools 
such as statistics and probability, operations research, 
and machine computation. We seem to be on the thresh- 
old of the capability of bringing these weapons to bear 
in a systems approach to the furthering of our objec- 
tives and thus of becoming the instigators of significant 
change in the engineering of man’s environment. 

With such a theme, we can offer in civil engineering 
a sound and liberal brand of education that should have 
appeal to young men who are not only challenged by 
the intellectual rigor of science and mathematics but 
who, at the same time, are motivated to exploit the fron- 
tiers of science and technology for the direct benefit of 
man and of society. 
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New Dining Hall 
and Garage Will 
Open Next Year 


NEW DINING HALL for M.L.T. 
A students, and a new parking 
facility for the Institute community, 
are nearing completion this fall. 
Construction of an addition to the 
Burton House dormitory and a four- 
story garage east of the old Radia- 
tion Laboratory began last summer 
and will be completed by the spring 
of 1961. 


The New Meeting Place 


The structure that is being added to 
the campus side of the former Riv- 
erside Apartment Hotel on Memo- 
rial Drive will provide a dining and 
gathering place for more than 550 
students. It will be connected both 
to the section of the dormitory 
known as Alfred Edgar Burton 
House, in honor of the late Dean 
Burton, and to the section called 
Conner Hall, in memory of Arthur 
J. Conner, ’88. It has been so de- 
signed that it can be divided later, if 
desired, into two dining rooms, each 
with its own serving counter. It will 
be used not only as a dining room 
but also as a study hall and for 
lectures and dances. 

















Students will use the addition to Burton House in many different ways. 


Building, equipping, and furnish- 
ing this structure will cost about 
$700,000. The Alumni Fund has 
contributed $300,000, and the In- 
stitute proceeded with the work this 
summer with the help of a $400,000 
loan from the Community Facilities 


Administration of the Federal 
Housing and Home Financing 
Agency. 


The 135 by 45-foot, air-condi- 
tioned dining hall will be at the level 
of the second floor of the dormito- 
ries. Additional student lounges on 
this floor may be provided later, 


and new exterior stairways will give . 


occupants of both Burton and Con- 
ner direct access to this level. The 





This new parking facility at M.1.T. will accommodate more than 400 cars. 
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hall itself is away from the indented 
north wall of the existing building, 
at distances of 16, 24, and 52 feet; 
the space between is used for a 
new, modern kitchen on the upper 
level, and for receiving, dry-storaze, 
and mechanical equipment on the 
lower level. The driveway behind 
the dormitory is being offset to the 
north of the dining hall, to a posi- 
tion appropriate for long-range 
campus development to the west. A 
broad walk, flanked by a brick bear- 
ing wall, passes beneath the dining 
room; it screens the delivery areas 
and leads to the two new entrances. 
Storage space for students’ trunks 
and bicycles is also provided 
beneath the dining hall, but the top 
of the brick walls enclosing these 
storage areas is being kept well be- 
low the ceiling slab, so that the 
hall’s structural System will be clear- 
ly expressed. 

The roof of the new hall will be 
in five sections, each 27 by 45 feet 
and consisting of hyperbolic parab- 
oloids of reinforced concrete veer- 
ing out and up from a central col- 
umn. The line of the five columns 
is off-center in the hall—to provide 
less visual obstruction, and to em- 
phasize the outlook from the hall 
over the Institute’s playing fields. 

Both this dining hall and the new 
parking garage will be supported by 
pressure-injected footings, known 
as Franki piles, such as were used 
for the foundation of the David 
Flett du Pont Athletic Center on the 
west campus. 

(concluded on page 52) 
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We are performing a carbon-dioxide experiment 
which may change our climate—and talking of 
further alterations in our environment without 
adequate knowledge of the earth’s big flywheel 


a CLIMATIC influence of the oceans is familiar to 
all who live near the sea. Here seasonal extremes 
are less severe. Winters are milder and summers cooler. 
The warming influence of the Gulf Stream, which mod- 
erates the climate of Western Europe, is famous. This 
direct tempering of regional climates, however, is of 
secondary importance. The major climatic role of the 
sea is its function as the thermodynamic flywheel. Ac- 
tually the icecaps are part of this flywheel mechanism 
too, for they can absorb and release heat by melting 
and freezing. But the oceans have by far the larger ca- 
pacity. 

If all of the solar energy reaching the earth for two 
and a half years were marshaled for the purpose, it 
would just be enough to melt the Antarctic icecap. Yet 
this same energy would add only about two degrees 
Fahrenheit to the ocean’s average temperature. This 
great capacity means that a prodigious excess of heat 
can be stored in ocean waters for long periods of time 
without appreciably affecting the temperatures of the 
lower atmosphere. Conversely, the oceans can give up 
a large amount of heat to the air with hardly any 
change of average water temperature. 

On the other hand, the ocean flywheel can’t function 
efficiently unless there is effective overturning of its 
deep waters. If the ocean doesn’t regularly bring deeper 
water to the surface and vice versa, its ability to ex- 
change heat with the atmosphere is severely hampered. 
From the oceanographer’s viewpoint, the puzzle of how 
the ocean flywheel operates breaks down into two broad 
questions: What are the mechanism and rate of over- 
turning of the ocean waters? What is the “time constant” 
of the thermal flywheel? In other words, is the over- 
turning of the oceans and their interchange of energy 
with the atmosphere characterized in terms of decades, 
centuries, or millennia? Is the overturning a more or 
less continuous process or, as one expert put it, “inter- 
mittent like the flushing of water in a bowl?” 

At present, oceanographers can only guess at the 
answer. . . . Without a clear picture of how the ocean 
Overturns and with no accurate time scale for interac- 
tion with the atmosphere, oceanographers and meteor- 
ologists alike are at a loss to explain adequately the 
general mechanism of the earth’s climate. Now man, 
with his carbon-dioxide-producing industry, has become 
yet another unknown modifying factor. 

The influence of this new and geologically unique 
factor may be operating in any of several directions. It 
could be tending toward a new ice age or could just 
as likely be producing another great tropical epoch like 


Climates long ago are learned from cores of material from 
| the ocean bottom. At the left, a piston coring tube is seen 
being lowered from the Atlantis. Sediment cores 30 feet 
long have been obtained this way. 
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Christian Science Monitor, and lives in Concord, Mass. 
His new book, Frontiers of the Sea, published this year 
by Doubleday & Company, Inc. ($4.95), covers many 
problems studied at M. 1. T. This is an excerpt from it. 


that prevailing when coal and oil deposits were laid 
down. Perhaps its influence is more moderate than such 
extremes suggest. The interactions are so involved that 
experts do not yet know how to sort them out. One 
thing they are sure of—this influence is at work on a 
scale to dwarf all previous changes man has made. 


Our Fires’ Effect 


To be precise, the carbon dioxide experiment began 
with the industrial revolution, when men started burn- 
ing fuels in unprecedented amounts. Since the begin- 
ning of that revolution they have produced something 
like 12 per cent of the total carbon dioxide already 
present in the air. The capacity of the oceans to absorb 
this gas is enormous, however. Most cf the excess pro- 
duced in the past century probably has been removed 
in this way. The next century will be different. Dr. 
Roger R. Revelle of the Scripps Institution of Oceanog- 
raphy, estimates that 1,700 billion tons of carbon di- 
oxide will be produced by man’s fires during those hun- 
dred years. This is about 70 per cent of the amount of 
that gas now in the atmosphere. However, no one 
knows how much of this actually will accumulate. 

Dr. Columbus Iselin (Professor of Oceanography at 
M.I.T.) has outlined a theory which, though it is specu- 
lative, at least indicates what might happen. He first 
points out that oxygen measurements below 800 me- 
ters’ depth in the Atlantic show less oxygen content 
than they did 30 years ago, indicating that at least the 
Atlantic Ocean waters are not being renewed by over- 
turning at the present time. The reason for this, he ex- 
plains, may be the relatively warm climate of the past 
few decades. The ocean won’t overturn until the cli- 
mate turns colder. Unless this happens, the polar re- 
gions won’t be cold enough to produce the cold dense 
water that sinks and generates bottom currents which, 
flowing toward the equator, push warmer water to the 
surface and cause the oceans gradually to overturn. At 
the same time, he adds, if the ocean doesn’t overturn, 
its ability to exchange heat with the atmosphere will be 
hampered and its ability to absorb carbon dioxide will 
be cut down. 

These effects would probably have an important but 
unpredictable influence on the weather. If the ocean’s 
ability to soak up carbon dioxide is reduced, this would 
increase the greenhouse warming effect as more of that 
gas accumulated in the atmosphere. Thus there may be 
a climatic persistence effect due to the oceans which 
enhances warming after such a trend has started. Once 
the climate has warmed up to a certain point, the 
oceans would stop overturning. Because less carbon di- 
oxide would be removed from the atmosphere, this in 
turn would accentuate the warming trend, which would 
then tend to persist. 
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Iselin says that something like this may have hap- 
pened in climatic regimes in the past. He points out 
that if oceans don’t overturn, the oxygen in deep water 
is gradually used up. In such oxygen-depleted water, 
marine life ceases. Organic refuse, formerly eaten or 
decomposed by deep-water creatures and micro-organ- 
isms, will accumulate on the ocean bottom as it rains 
down from the relatively abundant life of the surface 
waters. These are conditions for forming coal and oil. 
At the present rate with which deep-water oxygen in 
the Atlantic seems to be decreasing, Iselin estimates 
this oxygen-depleted condition would be reached in a 
thousand years. 

Added to any such persistence effect of the oceans 
is the cumulative influence of the flood of man-made 
carbon dioxide. “This is the big climatic experiment,” 
Iselin says. “One of its questions asks if we are helping 
to slow down ocean overturning and its attendant ef- 
fects on the weather. Are we making a tropical epoch 
or are we, perhaps, starting another ice age? We don’t 





Setting a buoy in the Gulf Stream system to study sub- 
surface direction of a current, from the R. V. Crawford. 
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know enough about the oceans and the weather yet to 
be sure which way the effect will go.” 

What is needed are accurate world-wide carbon di- 
oxide measurements. The first really good census of this 
gas in air and ocean was made during the IGY. With 
these data, charts are being drawn up indicating sources 
and sinks of the gas and its movements and accumula- 
tion around the world. In other words, they help de- 
fine the regions where carbon dioxide is being added 
and, by comparison between charts drawn for different 
times, aid in estimating how fast it is being added. Like- 
wise, they trace out regions where the gas is absorbed 
and help fix the rate at which it is removed from the 
air. This is an important step in determining the carbon 
dioxide influence on terrestrial heating and on the 
weather. 

But whether or not men are hastening its advent, 
there is reason to believe that the earth is heading into 
another ice age. Four times in the past million years 
the ice sheets have advanced, and four times they have 
retreated. We now seem to be living in an interregnum 
between the last advance, which ended 10,700 years 
ago, and a new glaciation that may come in the millen- 
nia ahead. If geophysicists understood the mechanism 
of the ice ages, they would probably be able to assess 
the course the carbon dioxide experiment will take. 


Frozen Paradox 


The earth is by nature a_ semi-tropical planet. 
It has been relatively warm and moist throughout 
much of geological time. For 90 per cent of the 
past half billion years, the post-Cambrian eras, its aver- 
age surface temperature has been 72 degrees Fahren- 
heit in contrast to the present average temperature of 
58 degrees. Tropical and subtropical climates prevailed 
to high northern and southern latitudes. Even the poles 
were ice-free. For such a dulcet planet, the terms “‘ice 
age” and “glacial epoch” seem paradoxical. Yet every 
so often the heat engine that maintains the climatic bal- 
ance shifts gears, and ice sheets creep over land 
and sea. 

There have been three of these glacial epochs since 
Cambrian times and at least five before that. They seem 
to have come at more or less regular intervals of 250 
million years. Each has lasted only a few million years 
and may have been split into several distinct ice ages 
when glaciers alternately advanced and retreated. The 
last glacial epoch had five such advances and retreats. 
The Quaternary period, which includes the Pleistocene 
glacial epoch and which began a million years ago, has 
already had four ice ages. A fifth ice advance may come 
within the next 75,000 years or so, although the present 
climate is gradually warming up. Dr. Hurd C. Willett 
of the Massachusetts Institute of Technology, a meteor- 
ologist who has specialized in climate trends, estimates 
that the world at present has come two-thirds of the 
way between the climatic extreme of an ice age and 
the warm peak of an interglacial period. What causes 
the periodic icy departures from the earth’s normal cli- 
mate? Why does the great heat engine shift gears? This 
is another fundamental question for which geophysicists 
can Only guess at the answer. 

There has been a plethora of theories to explain the 
shifts of climate—far too many to detail them here. 
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Towing a chain down to 600 feet from the R. V. Chain of 
Woods Hole during the examination of the Gulf Stream. 


Most of them, however, shake down into one of three 
general types. They either explain climate shifts by as- 
tronomical changes in the earth’s relation to the sun; by 
strictly geophysical causes such as migrations of conti- 
nents and poles, the uplifting of mountains, or the 
spreading of volcanic dust; or finally by solar effects— 
that is, changes in the energy output of the sun. These 
different types of theories were reviewed in the light of 
modern knowledge during a two-day conference on cli- 
matic change held several years ago by the American 
Academy of Arts and Sciences. The papers presented 
there were published in 1954. Although they are five 
years old at this writing, they still stand as an authori- 
tative review of the field. 

The consensus of the conference was that, while 
many things may influence the earth’s climate, varia- 
tions in the sun’s output of radiation seem to be the 
one principal factor that could account for world-wide 
climatic changes, especially the major glacial epochs. 
For example, A. J. J. van Woerkom of Yale University 
explained how some ice-age theories have been built 
on the fact that certain slight and well-known variations 
in the earth’s orbit and the orientation of its polar axis 
change the distance between the planet and sun from 
one winter (or summer) to the next and slightly alter 
the angle of incoming sunshine. These things would 
change the amount and nature of solar heating from 
one winter (or summer) to the next. There have been 


-a number of theories that suggested these astronomical 


changes in the earth’s relation to the sun could become 
significant enough to start the icecaps growing. But van 
Woerkom’s calculations show that, while the changes 
would probably have some effect on climate, they are 
too small to account for glaciation. 

Most geophysicists today do not believe there is 
enough evidence to support ice-age theories based on 
such geophysical effects as major shifts of the poles or 
the drifting about of continents either. But mountain 
building is something else again. C. E. P. Brooks, 
the great British climatologist, has noted that, just as 
the earth’s normal climate is warm and moist, its nor- 
mal geography is one of low-lying continents and wide- 
spread seas. And, just as the climate has been periodi- 
cally interrupted by glacial epochs, the geography has 
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A. R. Miller comparing drifts of radiotransponding buoys 
used in survey of the Gulf Stream with ocean temperatures. 


sometimes been drastically altered by epochs of moun- 
tain building. Brooks and others have thought the ef- 
fect of the uplifted land in altering the circulation of 
air and oceans would be a sufficient cause for glaciation. 
Critics such as Willett point out, however, that, while 
there has never been a glacial epoch without con- 
tinental uplift and mountain building, there have been 
epochs of uplifting with few or no glaciers. The current 
view is that, while uplifted land masses are probably a 
necessary base for the ice sheets, they can’t cause gla- 
cial epochs by themselves. 

Such periods of mountain building could conceiva- 
bly be accompanied by enough volcanic activity to fill 
the air with dust that could in turn cut down the sun- 
shine reaching the surface. Dr. Harry Wexler, ’39, direc- 
tor of meteorological research for the United States 
Weather Bureau, has estimated that changes of about 
20 degrees Fahrenheit in average surface temperature 
are involved between glacial and interglacial periods. 
He notes that blankets of volcanic dust, or even changes 
in atmospheric carbon dioxide, of reasonable amounts, 
could contribute significantly to surface temperature 
changes in this range. Again there is not enough data 
to support ice-age theories based on these factors alone. 
The present balance of opinion among ice-age theorists 
is that uplifted continents, volcanic dust clouds, and 
other geophysical effects may be contributing factors, 
but the variability of the sun is the dominant influ- 
emcee. ... 

Whatever the ultimate cause of climate change may 
be, our present climate is very sensitive to changes in 
average temperature. A drop of only four degrees 
might be enough to bring on an ice age. It would mean 
a climate cool enough so that summer melting might 
not be able to remove the winter’s accumulations of ice 
and snow and the glaciers would grow and move 
southward. On the other hand, the British geophysicist 
Sir George Simpson has dissented from the assumption 
that the temperature has to drop to start the glaciers 
growing. Instead, he has argued that the temperature 
would have to rise. He pointed out over 20 years ago 
that the chief result of a general cooling might be a 
drop in the moisture content of the air and a damping 

(Continued on page 42) 
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SPINDRIFT FROM A HOUSE BY THE SEA, by 
John J. Rowlands, illustrated by Henry B. Kane, ’24; 
W. W. Norton & Company, Inc. ($3.95). Reviewed by 
Frederick G. Fassett, Jr., Dean of Residence, M.I.T. 


“SPINDRIFT,” says the author, “is the misty spray that 
flies from the cresting waves when the winds blow hard 
and the seas run high. What I have to say is Spindrift 
of a kind—fragments of life snatched now and then, 
here and there . . . I have written at random, and in 
no particular order, of what I have seen and heard, 
of sights and sounds, of the thoughts and memories, 
that have made my life so well worth living.” What we 
have, then, is a collection of writings varied in length, 
in tone, in substance, and in purpose, but all infused 
with quiet, solid satisfaction for the reader of thought- 
ful and curious mind. This is no book which a reviewer 
can tag with a glib classification; on the contrary, this 
is hearing a congenial and generous man share in ami- 
able conversation experiences and observations marked 
with the sense and poise of a rich lifetime. 

Several of the pieces have appeared in magazines. 
One “Flight of a Moth,” was not so issued, and 
it is decidedly not easy to say why, for in perceptive- 
ness and understanding this is a most unusual narrative, 
wherein comprehension of youth and age, of major life 
and minor life, is given direct, unaffected expression. 

The range of the book is broad, from the expectancies 
and upsets which every housebuilder knows to the iso- 
lation of the Indian standing alone under the North- 
ern Lights in the Arctic night. 


THE GEOMETRY OF GOLF, by William A. Tripp, 
°22; Vantage Press ($2.50). Reviewed by Richard L. 
Balch, Director of Athletics, M.1.T. 


RATHER than write a book on “How To Play Golf,” 
William A. Tripp has described in a simple, direct 
fashion what he calculates to be the basic mistakes in 
physical co-ordination of 
the golf swing. He admits 
that The Geometry of Golf 
has much to do with By- 
ron Nelson’s statement 
that: “In golf, it’s not 
who you are, what you 
are, or what you have 
that counts. Its ‘How 
badly do you want to 
win?’ ” 

As a person who plays 
“at” the game of golf, 
Mr. Tripp's efforts refute 
many of the old wives’ 
tales having to do with 
grip, stance, pivot, and so 
forth. He encourages the average golfer by suggesting 
that one may accommodate variations in physical 





William A. Tripp 
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A “Spindrift” illustration, drawn by Henry B. Kane, ’24. 


strength and stature by simple analysis of the golf 
swing. 

This 57-page collection of notes sets forth much that 
has evolved from pure common-sense analysis. The 
suggestions having to do with the use of a hammer as 
being applicable to the wrist action in golf, and the de- 
scription of the arc of swing, provide a working formula 
for one interested in decreasing the number of divots 
afforded the local grounds-keeper. 

The author, unlike many, suggests no panacea for 
the weekend golfer, but does dissect enough of what 
happens to make more than just interesting reading. 

I am sure Mr. Tripp conveys to all the enjoyment he 
has afforded himself in the analysis of his own game 
and does provide a framework in which others may 
consistently get the ball off the tee. 


GUIDE TO SAILING, by Leonard Fowle; Chilton 
Company ($1.95). Reviewed by John I. Mattill, Direc- 
tor of Publications, M.1.T. 


ANOTHER little book has joined the long shelf of begin- 
ners’ manuals on sailing. This one—by Leonard Fowle, 
who faithfully covers sailing for the Boston Globe with 
authority and skill—will win no literary prizes. But it 
is a competent little summary which any landlubber 
like this reviewer will find useful and stimulating. And 
if he happens to come from M.I.T., his interest in it 
will be far sharper. 

In his introduction Leonard Fowle expresses his 
debt to Walter C. Wood, °17, M.LT.’s Sailing Master, 
who he says “has probably taught more people to sail 
than any man in the United States.” Those who have 
learned to sail with Jack Wood know the unique val- 
ues of his M.I.T. Shore Trainer in showing the funda- 
mental maneuvers of a sailboat in every kind of wind. 
An outstanding feature of Leonard Fowle’s book is his 
use of this same method to describe how to manage a 
sailboat under every sailing condition. 

(Book news is conti»ued on page 60.) 
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BUSINESS IN MOTION 





It has often been mentioned in these messages that 
in order to produce the best possible product at the 
least possible cost, it is a good idea to take your 
suppliers into your confidence ...tell them your prob- 
lems...seek their aid. 

The following incident is a striking example of the 
advisability of doing just that. 

The Dayton Precision Manu- 
facturing Company, maker of 
the commutator you see illus- 
trated, was having difficulties 
with the ferrous metal it was 
using for the hub; for not only 
did the rod from which the 
hubs were fabricated have to 
be drilled but it also had to be 
able to withstand a flanging op- 
eration. Their Chief Engineer decided to discuss this 
with one of Revere’s Technical Advisors. 

Aftér a thorough study of the problem Revere 


Brass Rod of a certain alloy was recommended and 


samples were furnished. The manufacturer found 


the machinability of the brass rod to be outstanding, 


being readily and speedily drilled. Also, it withstood 








| on CrMeaguee on phaeatindiin ye 


the flanging operation...a set of manufacturing con- 
ditions where only brass, the right kind of brass, 
outshines all other metals and alloys. 

The final score showed that the low first cost of 
the brass rod, plus the fact that it could be machined 
faster and more easily than ferrous metal, resulted 
in a superior product at a sav- 
ing in production cost. A fur- 
ther advantage was the added 
sales appeal of the brass hub. 

There you have another ex- 
ample of how Revere in collab- 
oration with the manufacturer’s 
engineering department, helped 
“fit the metal to the job,” which 
resulted in a better part at the 
least possible cost. 

Revere, a supplier, is conscious that still other 
suppliers can often collaborate to help customers pro- 
duce a superior product for less money. 

And because almost every industry you can name 
is able to cite similar instances, we suggest that 
no matter what your suppliers ship you, it may pay 


you to take them into your confidence. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y. 
Distributors Everywhere 
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Institute Yesteryears 











25 Years Ago 


PRELIMINARY registration figures showed a_ total 
1935-1936 enrollment of 2,544 (up 59 from 1934- 
1935), including 517 (up 37) in the Graduate School, 
and 568 (up 20) entering freshmen of the Class of 
1939. 

Further pleasant news was revealed by the second 

Annual Report of Horace S. Ford as Treasurer of the 
Institute, covering the fiscal year 1934-1935. The oper- 
ating budget of $2,695,000 had been balanced with a 
margin of $238.73. “The Institute’s cumulative deficit 
on account of operations since 1865 now stands at 
$24,951.22,” wrote Mr. Ford. 
@ Among new members of the Institute Staff were 
Associate Professor Ernst A. Hauser in the Department 
of Chemical Engineering and Instructor Irwin W. Sizer 
in the Department of Biology and Public Health. 


50 Years Ago 


THe Epitor of the Review thought, “The figures 
connected with registration this year [1910-1911] are 
unusually impressive. The total registration is 1,506, 
which has been exceeded but three times in the his- 
tory of the Institute, and these were the three years im- 
mediately preceding the increase of the tuition fee from 
$200 to $250 and also the raising of the entrance re- 
quirements.” 

@, In the autumn of 1910, President Richard C. Mac- 
laurin wrote of the Institute: 

“It does not seem proper that the 50th anniversary 
of its foundation should pass without special comment. 
It has, therefore, seemed wise to adopt a suggestion 
made by the Alumni Council and celebrate this anni- 
versary by holding a Congress of Technology on the 
10th and 11th of April next. 

“It is hoped that at this Congress men of eminence 
will be present to set forth some of the broader results 
of the application of science to industry which it is the 
main purpose of the Institute to further, and to indi- 
cate the gain in industrial efficiency that may be ex- 
pected from the extension of its influence.” 


75 Years Ago 


REGISTRATION for 1885-1886 totalled 609, an in- 
crease of 30, or five per cent, over 1884-1885. Of the 
629 members of the student body, 387 (nearly two- 
thirds) came from Massachusetts; 78 (over a fifth) 
were from other New England states. 

@ “Once again we have met at the Institute after our 
long vacation,” observed the editor of The Tech. “Last 
May we left with feelings of pleasure at having finished 
a year of hard work, and the prospect of a pleasant 
rest during the summer; and now we return with the 
same feelings at the thought of meeting our classmates 
once again, which are mingled with regret at finding 
some of them absent.” 
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Matters were going on differently, however, with 
respect to “foot-ball,” the editor was pleased to admit. 
“Its prospect... this year,” he considered to be 
“most encouraging. The old foot-ball association being 
defunct, a new one has been formed in its stead, which, 
so far, has shown itself to be very wide-awake and en- 
terprising. It has been proposed to form a Northern 
Inter-Collegiate Foot-ball League, to include Amherst, 
Williams, Tufts, and Dartmouth colleges, and Tech- 
nology. ... 

“Not for several years has so much interest been 
shown in foot-ball at the Institute, as at present a large 
number of men have been trying out for the team. 
Nearly all of last year’s eleven are here this year, and 
it will be greatly strengthened by some new additions. 
The team is to go into strict training, and will probably 
have a trainer.” 

The editor’s optimism proved well-founded for, dur- 
ing November, 1885, the “Techs” successively de- 
feated Williams by a score of 14-0, Tufts by 110-0, 
Amherst 32-0, and Amherst again in a return engage- 
ment by 80-0. This put them in a tie with Williams for 
the league championship, but on November 25 Wil- 
liams defeated the “Techs” 18-10. 

All this prompted the editor to comment: “At any 
rate, there are no goose-eggs in our league record this 
year, and in total number of points won the Techs still 
stand ahead.” * 


100 Years Ago 


AN APPLICATION, in the handwriting of William 
Barton Rogers, was made to the General Court of the 
Commonwealth of Massachusetts, in which he and 18 
other “subscribers [did] respectfully pray for an Act of 
Incorporation for an Institution to be entitled MASS. 
INSTITUTE OF TECHNOLOGY, having for its ob- 
jects, the advancement of the Mechanic Arts, Manufac- 
tures, Commerce, Agriculture and the applied sciences 
generally, together with the promotion of the practical 
education of the industrial classes, and proposing to at- 
tain these ends by the threefold agency of discussions 
and publications relating to industrial art and science; 
by a Museum of Technology, embracing the materials, 
implements and products of the practical arts and sci- 
ences; and by a School of Industrial Science, for in- 
struction; by lectures, laboratories and other teachings, 
in those several departments. . . .” 

The subscribers did also “respectfully pray that a sec- 
tion of land on the Back Bay may be reserved and 
granted, on such terms and conditions as may seem 
needful for the use of said Institute, such section being 
situated adjoining the sections asked for by the Boston 
Soc. of Nat. History and the Mass. Horticultural Soci- 
ety.” 

On November 20, 1860, the Secretary of State ap- 
proved this application for publication in the Boston 
Daily Advertiser after which it was forwarded for ac- 
tion by the General Court when that body assembled 
the following January. 





* As noted by Dean S. C. Prescott, "94, in his When M.1.T. 
was Boston Tech, “Football had not then reached the dominant 
position it later assumed in college life, and games were played 
for enjoyment, without expensive equipment or coaches. The 
game persisted lamely at the Institute until 1906, when student 
government decided that M.I.T. men had neither the time for 
training nor the means to keep up intercollegiate competition.” 
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‘. AUTOMATIC TRANSLATION 


To formulate rules for automatic language translation is 
a subtle and complex task. Yet, significant progress is 
being made. During the past several years large amounts 
of Russian text have been translated and analyzed at 
Ramo-Wooldridge’s Intellectronics Laboratories using 
several types of existing general purpose electronic 
computers. 

Many hundreds of syntactic and semantic rules are 
used to remove ambiguities otherwise present in word- 
for-word translation. The considerable improvements that 
have been effected during the progress of this work indi- 
cate that it may be possible within the next year or so to 
produce, for the first time, machine translation of sufficient 
accuracy and at sufficiently low cost to justify practical 
application. Electronic computers are also invaluable for 
other language research activities at Ramo-Wooldridge. 


_ INDEXING 
ABSTRACTING 


Techniques for automatic indexing, automatic abstract- 
ing, and other aspects of communicating scientific 
information are also being investigated. Research and 
development at the Intellectronics Laboratories will 
eventually lead to electronic machines capable of carry- 
ing on self-directed programs of research and analysis 
and “learning” by their own experiences. 

The accelerating pace at which these “communication 
of knowledge” problems are growing in importance has 
created challenging career opportunities in new fields of 
scientific endeavor. 


For a copy of our career brochure, “An Introduction to 
Ramo-Wooldridge’’ write to Technical Staff Development. 


RAMO-WOOLDRIDGE 
a division of Thompson Ramo Wooldridge Inc. 


® 8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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Climate Control and the Oceans 
(Continued from page 37) 


down of the atmospheric circulation. This could cut 
down snow and rainfall so much that ice would be un- 
able to accumulate in spite of the cooler summers. 
Moreover, the Arctic seas would freeze, cutting down 
even further the amount of moisture and snowfall in 
northern latitudes. A general warming would have an 
opposite effect. Increased evaporation from the oceans 
would load the air with moisture. Winter snowfalls 
would be heavy—too heavy for summer melting to 
keep up with—and glaciers would start to grow. There 
would be more cloudiness, helping to increase the 
amount of incoming sunshine reflected back into space. 
If the warm-up continued strongly, summer melting 
would, of course, predominate and the ice sheets would 
again melt. But a slight warming, according to this 
theory, could conceivably start an ice age. No expert 
today understands the climate mechanism well enough 
to confirm or refute this theory. Thus it has remained a 
possibility that has to be considered in evaluating world 
climate trends. It is one reason why experts don’t know 
what the carbon dioxide experiment will lead to. 

Most glacial theories have not had much to say 
about the climatic role of the oceans. The action of the 
thermodynamic flywheel is not understood in any event, 
while the main job of transferring heat from equatorial 
to polar regions is generally believed to be carried out 
by the atmosphere. Thus glacial theorists have tended 
to study the effect of solar and other possible influences 
on the atmospheric weather patterns and to assign the 
oceans a secondary role. Recently, however, a radically 
new theory has been proposed in which the ocean is 
the key factor, at least as far as the Quaternary ice 
ages are concerned. 


Atlantic Thermostat 


It would seem obvious that during an ice age the polar 
waters of the Arctic Ocean would be frozen as solidly 
as everything around them. However, by turning their 
backs on the obvious and working out what might have 
happened had this ocean been open during the past four 
ice ages, two geophysicists have come up with a re- 
markable theory of climatic change in which the sea 
acts as a kind of thermostat. They also conclude that 
the earth is heading inexorably into still another ice 
age in spite of its present warming trend. The geophysi- 
cists are Dr. Maurice Ewing and Dr. William L. Donn, 
associate professor of geology and meteorology at 
Brooklyn College. Here is the way they think the ocean 
thermostat may work. 

The Arctic Ocean communicates with the rest of the 
seas Over a narrow sill between Greenland and Norway, 
most of which is less than 300 feet deep. Its connection 
through the Bering Strait with the Pacific is too re- 
stricted to count. If the waters of the North Atlantic 
and Arctic oceans could freely interchange over this 
sill, the latter wouldn’t freeze over. This, according to 
the theory, was the case before and during the past four 
ice ages of the present epoch. It would have meant a 
radically different weather pattern in the north than is 
found there today. The Arctic is cold enough now to 
form glaciers. But there is so little snowfall that summer 
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‘melting can more than keep up with the winter accumu- 


lation. With an ice-free Arctic Ocean warmer than the 
surrounding land and moistening the air, the situation 
would be different. Heavy snowfall would come down 
and build up into glaciers, changing into steel-hard ice 
under its own weight. These ice sheets would begin to 
flow south, bringing severe weather with them, until 
centuries later they engulfed regions as far south as 
New York and Paris. 

Meanwhile the growing ice sheets would withdraw 
water from the oceans, lowering sea levels around the 
world. At some point the water level would drop so low 
that the interchange across the North Atlantic sill would 
effectively cease. The Arctic Ocean then would freeze, 
cutting off the precipitation supply for the glaciers and 
signaling the end of the ice age. 

Donn and Ewing say that something of this sort seems 
to have happened at the end of the last ice age at least. 
They have found indications in bottom cores taken in 
the Atlantic and Caribbean that the waters there may 
have suddenly warmed significantly about 11,000 years 
ago. This sudden widespread warming might be easily 
explained if the Arctic froze over and stopped exchang- 
ing its cold waters with the Atlantic. 

Once the Arctic did freeze and cut off the snowfall, 
summer melting would again have the upper hand. The 
ice sheets would retreat, giving up their imprisoned 
waters to the oceans. Sea level now would start to rise, 
until at some point the warm waters of the Atlantic 
would thaw out the Arctic and start the ice cycle all 
over again. . 


“Adjusting” the Heat Engine 


While any present-day schemes for changing climate 
are either pipe dreams or precocious visions, experts 
foresee the day when serious proposals along this line 
will be advanced. Writing in Science, Dr. Wexler notes 
that “when serious proposals for large-scale weather 
modification are advanced, as they inevitably will be, 
the full resources of general-circulation knowledge and 
computational meteorology must be brought to bear in 
predicting results.” In this way, he adds, men can per- 
haps avoid “the unhappy situation of the cure being 
worse than the ailment.” Scientists will have had to do 
a good deal of advance research if they are to evaluate 
such proposals. Some of the weather-modification 
schemes currently discussed, while impractical today, 
at least indicate areas in which some of this research 
will have to be done. 

Wexler himself has suggested a way to speed up the 
melting of the Arctic sea ice. He thinks a few well- 
placed hydrogen bombs might do the trick. It would 
take 10 bombs of 10 megatons each (the equivalent of 
the explosive energy of 10 million tons of TNT). Set- 
ting these off under water might throw up enough steam 
to blanket the Arctic Ocean in an ice fog that would 
substantially cut down the heat escaping from that re- 
gion by radiation. This, Wexler says, would speed up 
the melting tremendously. 

Thawing out the Arctic is a favorite project with 
would-be climate tinkerers. It would pay off immedi- 
ately in ice-free northern harbors and by shortening the 
sea journey between Atlantic and Pacific ports by thou- 

(Concluded on page 44) 
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or Out? 






























































The investor who says, “I am locked in—my profits are 

















so large I can’t afford to sell and pay the taxes,” will do 
well to take a fresh look. He may be following his 


emotions rather than logic. 


If the stocks that he owns are not the best for his 
purpose, he is locking himself out of the greater benefits 
he could obtain by replacing his present holdings. 


The question of profit-taking is part of a larger 
picture: it involves investment objectives, family, and 
estate considerations. A discussion with the Trust Com- 
pany could “unlock” the situation and lead to profitable 
action. 


Unirep States Trust ComMpPANy 
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Climate Control and the Oceans 
(Concluded from page 42) 


sands of miles. It could raise the average tempera- 
tures at latitudes of London, and New York, or Moscow 
by as much as 10 degrees Fahrenheit. Besides Wexler’s 
bombs, other schemes include the spreading of heat- 
absorbing soot or lampblack over the ice and even 
damming the Bering Strait and pumping in warm water 
from the Pacific. All of these schemes, even if they were 
practical to carry out, have a fatal weakness. As Wexler 
himself points out, unpredictable side effects could out- 
weigh the supposed benefits. The Ewing-Donn theory 
suggests that unfreezing the Arctic would start another 
ice age, while Simpson’s theory predicts a similar effect. 

A different sort of climate-modification scheme has 
been suggested by Henry Stommel (Professor of Ocea- 
nography at M.I.T.) to avoid the ice age that may be 
creeping up on us—suggested, that is, with tongue in 
cheek, for Stommel thinks present knowledge too scant 
for such speculation. He would do it by damming the 
Strait of Gibraltar. This would take only about 10 
times as much fill as the Fort Peck Dam in Montana 
and would effectively stop the flood of salty Mediterra- 
nean water into the North Atlantic. Over several dec- 
ades the salinity of the Atlantic would then drop, lower- 
ing the general densities of its water to the point where 
cold Arctic water wouldn’t sink at all. If this water 
couldn’t sink below the northward-flowing waters of 
the Gulf Stream, the latter, which now flow up to the 


Arctic, would be diverted southward and held in a prac- 
tically closed system within the North Atlantic. Then 
the interchange of warm water between Atlantic and 
Arctic oceans would be checked, and any ice age tend- 
ing to develop along the lines of the Ewing-Donn theory 
would be blocked. 

Commenting on this in the Scientific American, 
Stommel has neatly summed up the status of such 
schemes today and the great need for more basic re- 
search. “Common sense rebels against such an argu- 
ment,” he wrote. “It is hard to imagine so fantastic an 
effect from so small an intervention by man. And in- 
deed the argument is loaded with unproved assump- 
tions and tenuous speculations. We could construct an 
equally plausible argument that the same stratagem 
might cool rather than warm the earth. I cite this en- 
tertaining fantasy only to show that we need a great 
deal more information before we can begin to talk 
knowledgeably about altering the climate. All such 
speculations merely illustrate how little actual knowl- 
edge we have and how valuable it would be to develop 
a quantitative understanding of the ocean circulation.” 


M.I.T. on TV 

Two TV sHows to be broadcast this fall by CBS were 
prepared as part of the observance of M.I.T.’s centen- 
nial. One, “The Thinking Machine,” was to be telecast 
by many stations at 10 p. M., E.D.S.T., October 26; the 
other, “Big City, 1980,” will be aired first at 9:30 P. M., 
E.S.T., November 21. 
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In capacities of from % 
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For washing 
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EDITIONS OF 
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Time Savers for Designers & Builders since 1901. 
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[] Logs and Squares $7.00 
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P.O. Box 14, Chautauqua, N. Y. 
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Solving a breakage problem 
AT CLOSE QUARTERS 





The manufacturer of this button-drilling machine had a 


tough problem: the universal joints on these parallel 
shafts carried such a torque load there were frequent 
complaints of breakage . . . yet the close centers pro- 
hibited use of a larger joint. The solution was a Curtis 
Universal Joint of the same size but higher torque. 

This is only one of many problems solved by Curtis 
Joints — size for size the strongest universal joints 
designed for industry. Selected materials, precision en- 
gineering, and over 30 years’ experience manufacturing 
universal joints make them that way. 
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UNIVERSAL JOINT CO., INC. 
811 Birnie Avec.ve, Springfield, Mass. 
As near to you as your telephone 


EXCLUSIVELY A MANUFACTURER OF UNIVERSAL JOINTS SINCE 1919 


14 SIZES ALWAYS IN STOCK 
Ye” to 4” O.D. 
(6” joints on specie! order) 


Not sold trough dis- 
tributors. Write direct 

for free grainesring 
data and price list. 
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in precision 
materials 
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The ‘new dimension”? It’s Instron’s capacity to do more 

. and do it more accurately. Here are a few examples: 

Instrons today are being used to test materials ranging from 
acetate to zirconium with electronic precision . . . to study 
single metal crystals to reveal new facts about the nature of 
twinning . . . to test high strength steel . . . to examine single 
fibers of cotton, wool, and human hair . . . to obtain accurate 
yield points in fine wire . . . to record toughness of paper, using 
special digitizer and print-out equipment . . . to study memory 
effects and physical properties of plastics . . . to examine special 
alloys at high temperatures. 

Instron’s ‘“‘new dimension’’ — its capacity to do more things 
more accurately — enables R & D programs to move ahead 
faster, often into areas unapproachable with conventional 


testing equipment. 
mu ee se 
INSTRON' 


me CORPORATION A 


2503 WASHINGTON STREET. CANTON, MASS. —— 
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Semi-conductors are grown by a 
highly integrated process, involving 
time-temperature control. Only the 
most precise control delivers the 


required quality, uniformity, efficiency. 


Leading producers of semi-conductors 
find best results from the market’s most 
compact, integrated Stepless Program 
Controller: by West. This unit infinitely 
modulates heater power and coordinates 
time-and-temperature control for even 


the most unstable systems. 


Also available: models combining 
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minimum maintenance and operating 
requirements. Ask your West 
representative or write for 
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fort) to let (or, if you will, to lead) 
students to “discover” and develop 
mathematics by their own efforts 
(more or less)—or, is it wiser to tell 
them what to do and how to do it? 

If we are to have a really enjoyable 
argument we shall probably need one 
or two ground rules. Mathematics 
and Pedagogy (otherwise known as 
Education) have lived so long on op- 
posite sides of the cyclotron that they 
have gradually and conscientiously ac- 
knowledged a mutual obligation to be 
bad neighbors. It may be partly for 
this reason that discussions about 
“teaching” or “learning” are normally 
refereed according to one or the other 
of two extremes. 

One extreme holds that there can be 
but one Scientific Method, and that 
this is Experimentation (meaning that, 
if you take a few children, ask them to 
write answers to enough foolish ques- 
tions, and employ enough arcane sta- 
tistical methodology, you are sure to 
succeed in measuring a few possibly 
irrelevant variables—and, at the very 
least, you cannot easily be refuted). 

The other extreme holds that any in- 
teresting question can only be settled 
by rhetoric. (Only a fool or an engi- 
neer steps into a Jab—aunless, perhaps, 
it is air-conditioned.) 

The two questions under discussion 
relate to facts about human behavior. 
I propose that the matter can best be 
settled by some compromise system of 
scoring—lI, myself, would not feel com- 
fortable with an intelligent discussion 
largely unsupported by experiment 
(or, at least, by experience), nor with 
a program of “testing” and “control 
groups” and “evaluation” that leaned 
heavily on tables of random numbers 
and such-like, while sedulously avoid- 
ing even the slightest suspicion of any 
dependence upon human judgment, 
human insight, or human intelligence. 

I have, in fact, a suggestion. My col- 
leagues and I have amassed a large 
library of the tape recordings of ac- 
tual classroom lessons, such as: 

Some fifth grade children are asked 
whether there might be any open sen- 
tences that will be true for every cor- 
rectly made substitution. They decide 
that these may qualify: 


x 0=0 


(A + A) X D+ (A x a), 
(Continued on page 48) 
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A NEW CAREER 


pays off 


for these men 


These men are typical of the men joining our 
field force each year — enthusiastic men with 
varied training and business experience — men 
who make the most of the outstanding oppor- 
tunities and facilities which Massachusetts Mutual 
offers. 


And they’ve only started! Ahead are years of 
interest and challenge, personal satisfaction and 
earning power well above that of the average 
businessman. For instance, the 1959 average 
income of the 548 men with our company five 
years or more was $14,236, with one in six earning 
over $20,000. And our 100 top men are now 
averaging $30,530. 


Does your present position offer comparable 
opportunity? If not, maybe you should investi- 
gate the potential of life insurance selling with 
our company — one of the oldest and strongest 
in the country. 


Write TODAY for a free copy of 
“A Selling Career.“ 


MASSACHUSETTS MUTUAL 
Life Insurance Company 


SPRINGFIELD, MASSACHUSETTS 
ORGANIZED 185! 





ROBERT BROSTERMAN 


educated at Columbia University 
and Brooklyn Law School, was a 
practicing attorney and the owner 
of a gas heating business before 
he entered the life insurance 
business with our Miami-Pierce 
Agency. 


1959 SALES: $1,184,050 


EF ™ 





H. WILLIAM FREEMAN 
of our Los Angeles Agency is a 
University of Southern California 
graduate. He made an outstand- 
ing sales record last year. 


1959 SALES: $1,098,129 


JAMES R. JENKINS 





who attended the University of 
Wisconsin entered the life insur- 
ance business with our San 
Antonio Agency after twenty 
years of United States Army 
service. 


1959 SALES: $798,251 





HAROLD H., BRISTOL, JR. 


a Hamilton College graduate, 
was only 27 when he entered 
the business with our Syracuse 
Agency after four years in the 
Air Force. 


1959 SALES: $1,190,500 





EUGENE M. SPURGEON 


an Air Force veteran, was a suc- 
cessful motor car dealer before 
joining our Wichita Agency. 


1959 SALES: $830,125 








Some of the Eastern Group alumni in Massachusetts Mutual service: 


LAFAYETTE LEHIGH . &. Fe 
David B. Adler, C.L.U., °17, Orlando Russell E. Hoaster, C.LU., '31, Lyman L. Tremaine, C.L.U., '23, 
David K. Aldrich, C.L.U., °38, an Antonio wise ays :" 
Allentown Edward Billstein, Jr., "40, Atlanta Harold G. Ingraham, Jr., “49, 
Home Office 


Frank W. Hiller, 43, Home Office 
Benjamin C. Youngman, °44, Pittsburgh 
Richard A. Faust, 56, Binghamton 
Aman M. Barber, Jr., 59, Wilkes-Barre 


R. Lester Dodson, Jr., "44, East Orange John L. Hegeman, Dayton 
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GROWTH 

¢ From 11 men to 1400 in only 9 years —and still growing 

¢ Gross sales increasing steadily — $17 million in fiscal year 1960 — 
with 50% increase projected for 1961 

This means new opportunities year by year for forward-looking, 
ambitious engineers 


STABILITY 

¢ Backlog of $50 million at time of writing 
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tracts — $30 million worth, primarily for production of electronic 
systems that have emerged from the company’s research and devel- 
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To contribute to the design of the Eagle Missile transmitter modulator. Experi- 
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with vacuum tubes and pulse circuits, high voltage design and magnetic circuits. 
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switch measurements, sweep circuits and the principles of pulse doppler radar. 


RECEIVER DESIGN 
VHF electronically scanned airborne receivers, filters, problems in spurious 
response reduction and multiplexing. 
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plus many more. An open sentence 
that becomes true for every correctly 
made substitution is called an iden- 
tity. By discussion among themselves, 
they decide there are two categories 
of open sentences: those which defi- 
nitely are not identities (as proved by 
the existence of a “false” substitution), 
and those which look as though it may 
be hopeless to disprove them. These 
latter form a long list of “tentative 
identities.” The children are asked to 
shorten this list as much as possible, 
“without losing anything.” In response, 
they devise the technique of making 
derivations, and arrive (after two or 
three 45-minute lessons) at something 
reasonably close to the field axioms. 
The list looks approximately like this: 


+A=Art 

XxX A= AX 
X(A+V)=(0X A)+ 
(ix V) 
+{At+V) =(O + A) + 
xiA XY) = (01 X A) xX" 
X1= 

+0 = 

x0=0 
1+1 2 
2+1=3 
3+1=4 


At this point in the lesson, one of the 
ten-year-old children in the class sug- 
gests adding this identity 


+ =2xX 


to the list. 
Two girls tell him that this is proba- 
bly redundant, in light of | + 1 = 2. 
They realize, however, that this is 
not a proof. They proceed to make a 
derivation: 


Theorem 


Proof 


Q.E.D. 


A boy remarks at this point that he can 
prove it another way. He inserts the 
“ones” where necessary in the follow- 
ing proof, without any help or prompt- 
ing, although he presumably has never 
seen anything like this before: 


Theorem 
+ =2x 
(Concluded on page 50) 
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From New York Life’s yearbook of successful insurance career 


NORMAN CAMPBELL— 
found success in his 
own “back yard”! 


“I believe the biggest attraction of a career as a New 
York Life Agent,” says Norman Campbell, “is having 
independence to run your own business, backed by a 
large, well-known company.” 


Norman also feels that the opportunity for earning an 
unrestricted income as early as age 30 is a big advan- 
tage. He set an income goal which he hoped to reach 
after five years as a life underwriter. “I was fortunate 
enough to attain that in my second calendar year with 
New York Life,” he says. 


Norman has opened his own office in the business dis- 
trict of the town where he grew up. He is firmly estab- 
lished in a career in which his own talents and ambi- 
tions are the only limitations on his future income, and 
on his opportunities to serve others. 


If you or someone you know would like to know more 
about a career with one of the world’s leading insur- 
ance companies, write: 
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The chalk moves across the 
blackboard, pausing, crossing 
out... yet giving mathematical 
form to a new idea. This may 
be the beginning of a command 
and control system that will not 
be on-line until the 1970's. 

It is also the first step toward 
solving the many complex 
problems inherent in large 
scale system engineering. 


Today, MITRE is active in every 
system area — from advanced 
design through prototype devel- 
opment to operational evaluation. = 
Here your individual contribution’4 
— whether in command and 
control system engineering, air 
traffic control, or experimental 
electronic development — will be 
in the forefront of a 

new technology. 


Appointments to MITRE’s Technical Staff are currently being made 

in the following areas: Operations Research * System and 
Sub-system Feasibility Studies * Prototype System Development * 
Advanced System Concepts and Design + System Cost Analysis + 
Operational Evaluation 


Inquiries may be directed to 
VICE PRESIDENT — TECHNICAL OPERATIONS 


THE 


MITRE 


CORPORA T+ ON 








Post Office Box 208, 7-MM— Bedford, Massachusetts 


MITRE, formed under the sponsorship of the Massachusetts Institute of 
Technology, is a system engineering organization engaged in the design, 
development and evaluation of large scale command and control systems. Its 
convenient location in suburban Boston offers excellent opportunities for 
advanced study under MITRE's liberal educational assistance program. 
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Q.E.D. 

I find this kind of thing very excit- 
ing. These children are really discov- 
ering things at what is, for them, the 
absolute frontier of knowledge. 

I do not know whether this sort of 
instruction—the teacher, as always, 
mainly stands by and watches—is good 
for children. I believe it is, and, in or- 
der to continue working with these 
same children, I plan to fly to Weston, 
Conn., every Thursday and continue to 
teach them for as many years into the 
future as is possible and seems desira- 
ble. I may thereby gain some evidence 
one way or the other, although I real- 
ize that I shall never satisfy the “con- 
trol-group-statistics-evaluation” — fac- 
tion, nor the “trying-it-out-is-for-sissies, 
a he-man sits and argues” faction. I 
may not even satisfy myself, but then 
again I may. In the meantime I shall 
be tape-recording every lesson. 

Perhaps the idea behind it all is this: 
When you ask college freshmen about 
a problem, they frequently say “I 
don’t believe we’ve had that . . .” If 
you give a problem to fifth-graders, 
they think about it, and often very 
cleverly. The difference is very pro- 
nounced, and is entirely in favor of the 
fifth-graders. It is my hope that by 
giving the fullest possible scope to the 
natural inventiveness, creativity, and 
originality of these children—instead of 
telling them things for one year after 
another—we can develop a new breed 
of college freshmen. At present I do 
not know whether this is possible. Fif- 
teen years from now I may. 

Concerning the tape recordings: I 
feel about these tapes as parents do 
about recent photographs of their 
children. They are my best evidence 
that young children can discover sig- 
nificant mathematics. If you’d like to 
borrow one, just write. I may even pay 
the postage both ways. I believe I can 
show you that the “discovery meth- 
od” does work. 

Syracuse University, 

Syracuse 10, N. Y. 

P.S. If I may do so without retreating 
from a properly belligerent tone, I 
should like to thank Malvin Mayer, ’33, 
for his excellent remarks (May 1960) 
in defense of the poor lil’ D1. I, too, 
hope that “. . . the ‘new’ notation will 
give a better comprehension of mathe- 
matical principles... at an early 
age.” You know, I think it really may! 
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an environment of inquiry and research 
prevails at Hamilton Standard 


Your advanced degree can be judiciously applied at Hamilton 
Standard. Far-reaching and important projects dealing with 
sophisticated space vehicle equipment as well as a diversi- 
fied list of new product programs will enable you to utilize 
your knowledge and capabilities on a high level. 


UNEXCELLED FACILITIES. In addition to Hamilton Standard 
Experimental Laboratories our personnel have available to 
them the research and development facilities of United Air- 
craft Corporation, considered the finest privately-owned in- 
stallations in the industry. 


A “MID-POINT” LOCATION. Our location in the picturesque 
Connecticut countryside offers pleasant, leisure-time living. 
Yet, we are only a short distance from Boston and New York 
and the important research centers of the East. 


A HEALTHY OUTLOOK. Hamilton Standard has been a major 
force in the aerospace industry for over forty years. The 
company continues to be deeply involved with major advances 
in the field of missiles and space flight. However, a dynamic, 
well-balanced program of product diversification is now 
applying the resources and talents of the company to entirely 
new industries. The opportunity for knowledgeable, younger 
men to assume challenging positions is outstanding. 











PROMISING NEW PRODUCT. The Hamilton-Zeiss Electron Beam 
process, using a controlled high density stream of electrons to 
weld, melt or cut any known materials is typical of Hamilton 
Standard’s industrial diversification program. Areas presently 
being explored concerning the Electron Beam process include 
Advanced Electron Optics, High Vacuum Systems, High Voltage 
Apparatus, Electro-Magnetics and Automation. 


TALK OVER your career requirements with the 
Hamilton Standard graduate school representative 
. . then visit our facilities and meet scientists 
working on the Electron Beam process, For further 
information write: Mr. R. J. Harding. 


HAMILTON STANDARD DIVISION 
an organization dedicated to Sentify and Engineering E\wellence 


UNITED AIRCRAFT CORPORATION 
WINDSOR LOCKS, CONNECTICUT 
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Dining Hall and Garage 
(Concluded from page 33) 


Many students and representa- 
tives of the Faculty including Pro- 
fessor Howard R. Bartlett, Master of 
Burton House, and Frederick G. 
Fassett, Jr., Dean of Residence, 
participated in the discussions dur- 
ing which plans for the dormitory 
addition were developed. William 
H. Brown, °33, and Eduardo F. 
Catalano of the M.I.T. Faculty, 
were the architects of this major 
improvement in on-campus living. 
Paul Weidlinger of New York was a 
consultant on the roof construction. 
Engineering was done by Hayden, 
Harding and Buchanan of Boston; 
the contractor is the Kirkland Con- 
struction Company of Cambridge. 


The New Parking Garage 

The capacity of the parking lot on 
Vassar Street which has been used 
by Building 20’s occupants and 
others for many years will be more 
than quadrupled by the $800,000 
structure now being erected there. 
It will be quite different from other 
parking garages in or near Boston, 


and will provide ample space for 
more than 400 cars. 

Autos will be parked on each side 
of long, 60-foot-wide, inclined 
ramps within the rectangular struc- 
ture. Eight of these ramps will lead 
to more parking places on the roof. 
There will be more space for small 
cars in a basement beneath the 
ramps. There will be no columns 
in the main parking areas, which 
will facilitate efficient storage of 
cars of all sizes. 

All traffic within the building 
will move in the same direction. 
The cars will enter it through a 
long driveway from Vassar Street, 
and it will be filled each day from 
the bottom up. Cars leaving it will 
spiral down a separate ramp at one 
end of the building from whatever 
level they have been left on. This 
express ramp out of the building, 
and the absence of columns from 
the parking spaces, will be the 
building’s most distinctive features. 

The main structure will be 228 
by 121 feet, and the exit ramp will 
extend out 50 feet from one end. 
There will be no heating system, 
but aluminum-mesh screening 


around the building between the ex- 
terior columns will serve as snow- 
fencing, enhance the structure’s 
appearance, and help prevent acci- 
dents. 

The Parking Development Com- 
pany of Boston designed the build- 
ing. This company is specializing in 
parking facilities for schools, 
churches, and other institutions. It 
has surveyed the parking problems 
of M.I.T., Harvard, Boston Uni- 
versity, and other New England 
institutions. At M.I.T., its study 
three years ago showed that cars 
begin to arrive early in the morn- 
ing and the lots fill gradually, but 
are emptied swiftly late in the day. 
This garage was designed for this 
particular kind of traffic flow. Per- 
sons using it will not need an at- 
tendant’s help to park their cars or 
get them out. 

Marvin E. Goody, °51, of Hamil- 
ton and Goody, was associated with 
the Parking Development Com- 
pany’s architectural staff, and engi- 
neering service was provided by 
Maurice A. Reidy, °18, of Boston. 
The John F. Griffin Company of 
Cambridge is the contractor. 

















SEVERUD - ELSTAD - KRUEGER - 
ASSOCIATES 


Consulting Engineers 


Structural Design ¢ Supervision ¢ Reports 


Buildings ¢ Airports ¢ Special Structures 


415 Lexington Ave., New York 17, N.Y. 


CELOTEX 


MOVABLE 


POREX 








PITCHER & COMPANY, INC. 


167 Albany Street 
Cambridge, Massachusetts 


BURGESS-MANNING 


ACOUSTICAL 
CEILINGS 
OFFICE 
PARTITIONS 
RADIANT HEATED 
CEILINGS 


Installations in many 
M.L.T. Buildings 


INSULATING 
ROOF DECKS 











52 


THE TECHNOLOGY REVIEW 














NOV 











Tlorfoll. 


ELECTRIC COMPANY 


electrical contractors — engineers 


‘60 Summer activities include: 


¢ Eighth Floor Addition to Dorrance Laboratory 
e Alterations to Buildings 1, 3, 8, 11 

® Revisions to Computation Center 

@ Graphic Arts Building 

@ Parking Facility 


1262 BOYLSTON ST. 
BOSTON 15, MASS. 


D. W. Vigoda, ‘48 








Affiliate Companies in 
* R A N K 39 Countries throughout 

the world. 
FOUNDATION COMPANY 


M. |. T. Installations of 6 Displacement Caissons 
FRANKI Displacement Caissons 


@ Drilled Caissons 





duPont Athletic Center , 
@ Concrete Piles 


Burton-Conner Dining Facilities 


New Parking Garage a Underpinning 


1136 Statler Building, Boston, Mass. 
103 Park Avenue, New York, N. Y. 
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A NEW TWIST TO 
BETTER QUALITY 


In ceramic coatings or porcelain en- 
amel finishes, a simplified angle or a 
degree’s difference in a twist of metal 
can effect great savings in manufac- 
ture, great strides in sales. Vitreo 
specialists — porcelain enamel, me- 
chanical, metallurgical and chemical 
engineers — are experts in providing 
these product improvement ideas. 
You are invited to pick their brains. 
Write: Engineering Division. 


VITREOUS STEEL PRODUCTS CO. 
Cleveland 20, Ohio. Factory at Nappanee, Ind. 


Porcelain enamel and sheet 
metal fabrication since 1916 





EDGAR H. WEIL ‘13 * HAROLD B. GRAY ‘23 


THOMAS E. WEIL ‘49 
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2d Century Fund Meeting 
(Concluded from page 25) 

more with than for the Faculty at 
M.I.T.” 

After being briefed on the Insti- 
tute’s needs in the Little Theater of 
Kresge Auditorium, the Second Cen- 
tury Fund’s leaders attended a re- 
ception at the President’s House, 
and heard Mr. Sloan and Dr. Killian 
speak at the dinner in Walker 
Memorial which concluded the first 
day of the conference. 

Details of the organization set up 
to solicit funds were explained the 
next morning by Mr. Wilson, Wal- 
ter J. Beadle, °17, chairman for In- 
dividual Leadership Gifts, and Phil- 
ip H. Peters, °37, chairman of the 
Area Organization. Questions about 
taxes were answered by Joseph J. 
Snyder, °44, Vice-president and 
Treasurer of the Institute; and 
“a rehearsal for solicitation” was 
enacted with suitable stage props 
by Marshall B. Dalton, ’15, chairman 
of the Corporation Committee on 
Development, and Gregory Smith, 
°30, vice-chairman for Area Organ- 
ization. Tours of the Institute con- 
cluded the conference. 

















H. H. Hawkins 
& Sons, Co. 


236 Washington Street 


Newton, Mass. 


Builders 











ZERO BACKLASH 


GUARANTEED 
WITH 


MINI-JOINTS* 
(*Minature Universal Joints) 


TELESCOPING MINI-JOINT 


featuring preloaded ball spline and 
%" travel on standard joints. 





By <>’ | i 
t > -i/ s 2 





\) 
C~| — 


SIZES IN STOCK 





Part } : Closed | Torque Price 
No. | Bore* | Body |Length In. Oz. 1-4 pcs. 
TIBS | .0938 | 3/16 | 1-7/16 16 | 28.50 
T2BS | .125 | 3/16 | 1-7/16 16 | 28.50 
“T4BS | .1875 | 9/32 2 | 64 | 28.50 


“T6BS | .250 | 3/8 |2-1/2 | 256 | 28.50 


SINGLE MINI-JOINTS 


[=e] 


SIZES IN STOCK 





Te 


™ 





Part | | |Torque| Price 
No. | Bore | Body |Length|In. Oz.'/1-4 pcs. 
SBS | SOLID) 3/16 |1-1/32| 16 | 5.50 
IBS | .0938 | 3/16 |1-1/32| 16 | 5.90 
2BS | .125 | 3/16 |1-1/32| 16 | 5.90 
3BS | .156 | 9/32 | 1-3/8 64 | 5.75 
4BS | .1875 | 9/32 | 1-3/8 | 64 | 5.75 
SBS | .2188 | 3/8 | 1-3/4 | 256 | 5.75 
6BS | .250 | 3/8 |1-3/4 | 256 | 5.75 





DOUBLE MINI-JOINTS 


Pe CDT] 


SIZES IN STOCK 








Part | | } \Torque| Price 
No. | Bore | Body Length In. Oz./1-4 pcs. 
DBIBS | .0938 ao 1-1/2| 16 | 11.80 
DB2BS | .125 | 3/16 | 1-172 | ~ 46 | 11.80 
DB4BS | .1875 | 9/32 | _ cil 64 | 11.50— 
DB6BS | .250 | 3/8 | 2-1/2| 256 | 11.50 








Features: Zero backlash * Maximum 
operating angle of 30° * Light- 
weight * Sealed-in lubrication. 


Materials: Body—303 stainless steel 
* Balls—440 stainless steel * Special 
assemblies of non-magnetic balls 
available. 

Other instrument components include— 


Miniature Coupling @ Torque Testing 
Machine 


Inquiries for your special applications 
are invited. 


FALCON DIVISION 


General Thermodynamics Corp. 
206 Concord Turnpike, Cambridge, Mass. 
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A lawyer’s life insurance program has nothing to 
do with football. But it seemed appropriate for our ad 
this October to show one of our fine agents who was 
a football star at Duke. He’s advising a client, J. V. 
Morgan, partner in a North Carolina law firm. 

Most of our agents weren’t great athletes, of 
course, but all have been carefully selected and 
trained to give outstanding service to prominent men 


.in their communities. These agents are building suc- 


cess on their own initiative with the constant, posi- 
tive support of the company. Their services and ideas 
have a recognized value to top-level business and pro- 
fessional people. 

Perhaps a career in life insurance appeals to you. 
If you meet our qualifications you'll receive a gener- 


All American halfback advises lawyer... 





ous income while you're learning. We'll be glad to 
send, without obligation, a booklet explaining the 
responsibilities and rewards of representing New 
England Life. Write to us at Dept. A, Boston 17, 
Mass. 

Or, if you have specific questions please write di- 
rectly to Vice President John Barker, Jr.,501 Boylston 
Street, Boston 17, Massachusetts. 


NEW ENGLAND 
Mill LA ¥ EPs oe 


THE COMPANY THAT FOUNDED MUTUAL 
LIFE INSURANCE IN AMERICA « 1835 


125th Anniversary of Our Charter 


ARTHUR C. Kenison, *19, Boston 


Joun H. ScHaerer, *25, Newark 


BLAYLOCK ATHERTON, ’24, Nashua 


Maurice W. Hanks, °38, Newark 


HerBert L. Neiriicu, 49, Boston 
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presenting the noteworthy revival of 
OUR BRITISH STRIPES 
in handsome, unfinished worsted suitings 


Brooks Brothers have long been noted for distinc- 
tive suitings—most of them woven exclusively for 
us in the finest English and Scottish mills. Out- 


standing are our unusually good-looking British’ 


” 


Stripes—soft, muted stripings whose “character 
and rich distinction must be seen to be appreciated. 
We have always carried a limited number of these 
suitings—mostly in our Custom Department. This 
Fall we are featuring them in our own make ready- 
made suits...in dark blue, dark grey or brown 
unfinished worsted. We believe you will find them 
unexcelled for business or informal evening wear. 


Coat, vest and trousers. $145 


ESTABLISHED 1818 


CC@SSLOTHINGS |) 
Baens Furnishings, Bats ¢ Shoes 


346 MADISON AVE., COR. 44TH ST..NEW YORK 17,N. Y. 
111 BROADWAY, NEW YORK 6,N. Y. 
BOSTON * PITTSBURGH * CHICAGO * SAN FRANCISCO * LOS ANGELES 
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Individuals Noteworthy 


(Continued from page 10) 





ard & Burns, Inc. . . . Roger M. 
Amadon, ’48, as Vice-president, W. 
F. Schrafft and Sons Corporation, 
Boston; 

Charles N. Winnick, ’48, and Jo- 
seph L. Russell, ’55, as Assistant 
Director for Exploratory Research, 
and as Director of Research, respec- 
tively, of Scientific Design Com- 
pany, Inc. . . . David K. Hardin, 
'49, as President of the Chicago 
chapter, American Marketing Asso- 
ciation . Richard H. Clough, 
"51, as Dean, College of Engineer- 
ing, University of New Mexico. 


Honors to Alumni 
MEDALISTS and recent recipients of 
other distinctions include: 

Thomas C. Desmond, ’09, the 
1959 Distinguished Service Award, 
by New York Botanical Garden 
. . . Robert S. Mulliken, ’17, the 
Theodore William Richards Medal 
“for conspicuous achievement in 
chemistry,” by the Northeastern 
Section of the American Chemical 
Society . . . Robert R. Thurston, 
‘21, and Louis Tanner, ’24, the 
Award of Merit for 1960, by the 
American Society for Testing Mate- 
rials; 

Robert C. Sprague, ’23, the grade 
of Fellow, American Academy of 
Arts and Sciences . . Brigadier 
General Robert J. Fleming, Jr., ’31, 
designation as officer of the French 
Legion of Honor, by the Ministry of 
Foreign Affairs, for his work as un- 
official ambassador of good will of 
the American people to the French; 

. Ivan A. Getting, ’33, the Distin- 
guished Service Medal, by the U.S. 
Air Force; 

Colonel Clarence L. Battle, Jr., 
46, the Legion of Merit, from the 
Secretary of the U.S. Air Force, for 
“successful recovery of a payload 
capsule from the orbiting satellite” 

. . Ezra S. Krendel, ’47, the 
Louis E. Levy Medal, by the Frank- 
lin Institute . . . Robert O. Bige- 
low, '49, named as “Massachusetts’ 
Young Engineer of the Year,” by 
Massachusetts Society of Profes- 
sional Engineers. 


W. N. Seaver: 1877-1960 
WILLIAM NATHANAEL SEAV- 
ER, Librarian Emeritus, died last 
July 17. Mr. Seaver was librarian 
for the Institute from 1925 until his 
(Concluded on page 58) 
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in CORDOVAN by BOSTONIAN 


26.95 CORDOVAN is the classic leather— famous for its long, 


strong wear and high-luster finish. It comes up shining in 


in 


Mansfields any weather. A flick of a cloth keeps it glowing. Try 


19.95 


Bostonian’s Cordovans-—they're walk-fitted to comfort you. 


TECH ALUMNI 


Will The Coop save you money? 
For the fiscal year ending June 30th, 
1961, a Patronage Refund upon cash 
purchases, or charge purchases to the 
member's personal account, has been 
guaranteed at the rate of not !ess than 
8% on charge purchases and 10% 
on cash. Harvard Square Store 
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Why struggle with up to 
19 bits straight binary readout 
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when you can have the convenience 
of display directly in the units 


D@®®O©O© 


ANGULAR DEGREES 














of your own data system with 


Typical Problem: Readout of angular position of 
a radar encoder is in the form of 16 bits straight 
binary. You want to convert the 16 bits readout 
into decimal display expressed in degrees. 


Solution: Since the radar can track in a com- 
plete circle, each bit represents 360° = 65,535 
(16 bits binary = 2'6 — 1 = 65,535 parts). 
There are, therefore, 0.00549° per binary count. 
The Hermes Translator transforms straight bi- 
nary to decimal, manipulates the data arithmet- 
ically to multiply by 0.00549, and displays the 
required readout in degrees. 





HERMES TRANSLATOR, MODEL 2060 


This same method may be applied to any data system where the 
original output is any number of straight binary bits and digital 
readout in the units of the measuring system is required. 


Three basic types of conversion can be accom- 
modated by Hermes Translators for a wide variety 
of applications: 


Code-Format Conversion in which the actual physi- 
cal characteristics of input data are transformed into 
the required output data form. 


Code-to-Code Conversion in which only the lan- 
guage or code in which the information is rep- 
resented is transformed. 


Scale Conversion in which data is manipulated 
arithmetically (as in the Typical Problem above) to 
display readout in decimal form and in the units of 
the measuring system being employed. 


Write for Technical Bulletin Translators 


Hermes 


ELECTRONICS CO. 


— 
rE 75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. | | k 
A DIVISION oF | te 
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Individuals Noteworthy 
(Concluded from page 56) 





retirement in 1947 and was largely 
responsible for the library’s steady 
growth in size and prestige. 

After graduating from Harvard in 
1900, Mr. Seaver served in the 
Economics and Sociology Depart- 
ment and Municipal Reference 
Branch of the New York Public Li- 
brary. During World War I he was a 
delegate for the Library War Serv- 
ice of the American Library Asso- 
ciation at Edgewood Arsenal, later 
transferring to the Dispatch Office at 
Newport News, Va. Prior to his ap- 
pointment as assistant librarian at 
M.I.T. in 1924, he also had been li- 
brarian of the Woburn (Mass.) 
Public Library for four years. 

After his retirement Mr. Seaver 
worked on a three-year project to 
collect and plan a library for the 
new Instituto Tecnico da Aeronau- 
tica being built by the Brazilian 
government near Sao Paulo. He was 
a member of the American Library 
Association, the Special Libraries 
Association, the New England Asso- 
ciation of College Libraries, Delta 
Upsilon Fraternity, the Melrose Uni- 
tarian Church, and the Laymen’s 
League. 

Mr. Seaver is survived by his 
wife, the former Inez Mildred 
Waite, and three daughters: Mrs. 
Norman R. Anderson of Towson, 
Md., Mrs. Donald G. Harrington of 
Endicott, N. Y., and Mrs. Richard 
Kimball of Lexington, Mass. 


Lowell Institute 


As THE Lowell Institute School at 
M.I.T. began its 58th year this fall, 
F. Leroy Foster, ’25, who became 
its acting director last year, was 
named director. Dr. Foster is also 
director of the M.I.T. Division of 
Sponsored Research, and was for- 
merly a member of the Faculty of the 
Department of Mining and Metal- 
lurgy. 


Baseball Coach 


Joun G. Barry has become varsity 
baseball coach at M.I.T., succeed- 
ing Robert M. Whitelaw. Mr. Barry 
joined the Institute’s coaching staff 
a year ago and is an instructor in the 
physical education program. He was 
graduated from the University of 
Michigan in 1942 with a degree in 
physical education, and has an im- 
pressive athletic record. 
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Sangamo Electric Company needs engineers with bold 
and imaginative ideas that probe into the future for 
products that can be used today. 


Sangamo is a pioneer manufacturer of electrical measur- 
ing and control equipment, and electronic components 
that include electric meters, power 
capacitors, time switches, dyna- 
ENGINEERS: motors, generators, electronic 
capacitors, recording instruments 
and military items. In addition to 
mele k to our main plant in Springfield, others 
are located at Marion, Illinois; 
Pickens, South Carolina; Leaside, 


| ny N er Mi @) Canada; and Enfield, England. 


| Investigate your opportunity with 
for a Sangamo ...ask your College 
Placement Officer, or write directly 

to Sangamo’s Training Director. 


timulati 
R U G G E D _—. ' These MIT men now hold key 


| 
| 
Ca reer positions with Sangamo: 
WwW l p i iam G | ea Edward A. Leach, Class of 1927 
Vice-President in Charge of Engineering 


D EV | Cc E s Herbert M. Johnson, Class of 1943 
? 


Chief Engineer 
precision machine screws 
































and fasteners | 


HARVEY HUBBELL, INC. 
Bridgeport, Connecticut 


G. R. WEPPLER ‘37 | | } l= Polos dg lod @telasle!-tai'4 


SPRINGFIELD, ILLINOIS 
























This new construction prevents water passage through the LENGTH of 
the cable. Even though accidentally severed, the new DSS-3 cable will 
withstand 1,000 psi on the exposed end. This unique construction reduces 
the possibility of flooded compartments or damage to instruments or 
critical mechanisms by water flowing through the cable due to high pressure. 


Cable DSS-3 meets the hydrostatic test of MIL-C-915A, Amendment 8. 
Other Coaxial and multi-conductor constructions are available for Polaris 
type submarines, sonar and all deep water applications. BIW Cables are 
presently in use in the Anti-submarine Warfare Program. 


UNDERWATER CABLES 
imp RELIABLE 


AT 1,000 PSI! 


A few other BIW underwater cables are: 


TOW CABLES — armored, flexible, 3,000 lbs breaking strength 

SONAR DROP CABLES — miniature, light weight, multi-conductors 

HYDROPHONE CABLES — neoprene jacketed, polyethylene coaxials 

TV CAMERA CABLES — pressure resistant, with or without strength members 

WATER TIGHT COAXIAL CABLES 

FATHOMETER CABLES — shielded, 2 conductors 

ARMORED FLOATING TOW CABLE—one inch O. D. cable containing 15 
conductors and 3 coaxes. 

BIW has had long experience in the design and manufacture of special 

cables to meet unusual underwater applications. We will be happy to send 

complete information on the work we have done. Our engineers will be 

glad to work with you toward the solution of your problems. 


BOSTON INSULATED WIRE & CABLE COMPANY, BAY STREET, BOSTON 25, MASSACHUSETTS 
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Published This Summer 


For Your Reading Now 


® Dynamic Programming and Markov Processes, 
Ronald A. Howard, Assistant Professor of 
Electrical Engineering, MIT. 


® The Image of the City, Kevin Lynch, Associate 
Professor of City Planning, MIT. 


@ Electronic Processes in Solids, Pierre R. Ai- 
grain, former Visiting Webster Professor of 
Electrical Engineering, MIT. 


® Methods of Regional Analysis, Walter Isard, 
Chairman of the Department of Regional Sci- 
ence University of Pennsylvania. Previously of 
MIT. 


Technology Press 





Write Room 14N-325, MIT, for a catalog 











Manimuu 


Heat-Transfer Capacity 
in Limited Space 


LOW AIRWAY RESISTANCE 


Aerorin Smooth-Fia 


Heat Exchangers 





AEROFIN CORPORATION 


101 Greenway Ave., Syracuse 3,N Y 
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Books 
(Continued from page 38) 





HORNS, STRINGS & HARMONY, by Arthur K. 
Benade, prepared under the direction of the Physical 
Science Study Committee; Doubleday Anchor, (95 
cents). Reviewed by Robert K. Mueller, ’32, Associate 
Professor of Aeronautics and Astronautics. 


IF IT is correct to presume that the volumes of this 
series are intended as inspirational reading, to plant 
the seeds of profound thought in fertile and perhaps 
unsuspecting young minds, then the subject matter of 
this book offers a rare opportunity for great conquest. 
The existence in parallel of interest in science and 
music, the latter often deeply felt, has been observed 
often enough in productive minds in the past to be no 
oddity. One can imagine that the great Helmholtz, for 
all his Prussian austerity, could hardly have devoted 
the energy he did to virtually the whole spectrum of 
sound, subjective and objective, without a deep well of 
feeling for music as an art form. 

The great opportunity here is that experience with 
wave fields in an ordered sense, involving an aware- 
ness of harmonic structure, has certainly been asso- 
ciated with sound far longer in human history than 
with any other phenomena. Until comparatively re- 
cently, light has been sensed rather as geometrical, with 
the sensation of color strong but isolated from mathe- 
matical thought. Now, of course, the two are becoming 
identified in microwave theory, and it is precisely here 
that the long history of musical instruments with em- 
Pirically evolved forms, still not completely under- 
stood, seems like a natural precedent to the guides, 
cavities, and radiators which are becoming the distinc- 
tive features of communications systems. 

The author, possibly as a matter of strategy with re- 
lation to his intended readers (who are unlikely to 
read reviews), has made nothing of this link. His ap- 
proach is honest, open, and refreshing—clearly inspired 
by his own musical sensitivity. The early chapters in 
the book dealing with pendulums, simple oscillators, 
actual strings as limiting cases for strings of beads, etc., 
are well done; if passed over lightly here, it is only 
for the purpose of getting on to chapters on horns, 
theoretical and real. Here some really profound princi- 
ples are deftly introduced under the guise of explana- 
tions of empirical features of practical musical instru- 
ments. 

Since there are a number of examples of this, some 
picking at random is necessary. The discussion of 
“privileged” frequencies in brass instruments is an ex- 
cellent example of subharmonic resonance where the 
lips achieve a co-operation with the air column at some 
fraction of one of the modes of the latter. Another ex- 
ample has to do with the open side holes in wood- 
winds, which form a musically more effective termina- 
tion of the air column if they occur in groups of three 
or more. The purpose here is to achieve a similar im- 
pedance match, i. e., ratio of radiation to reflection, for 
the different harmonic components of a complex wave 
which tend to see a simple cutoff in a different way. 
The holes seem to act as an extended strainer which 
modifies the diffraction considerably. 

(Concluded on page 62) 
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Books 
(Concluded from page 60) 





There are a few pages of discussion of some little- 
known work of Bessel on useful bore shapes suggested 
by some work of his in astronomy. This will certainly 
go over the heads of secondary school students, if not 
of others, and apparently refers to propagation of com- 
plex wave shapes through a changing environment with- 
out change in form. This is an extremely important 
subject in long communications lines and was possibly 
inserted as a sleeper. In general, the “taper” of such 
lines where it exists in the vicinity of radiators is never 
expected to accommodate the frequency range of some 
rich musical tones and the problem, therefore, is less 
acute. 

The book closes with a chapter on home-made wind 
instruments which is refreshing to read whether acted 
on or not. This is not to imply that it is offered for 
psychological effect only—the designs are practical and 
the sketches good, but not too good—but the result 
will certainly be to weed out the unfit, since consider- 
able labor is involved. The conclusion of a prejudiced 
reviewer is that the book is well done but, more im- 
portant, that the relevance of musical acoustics to other 
fields, notably microwave technology, deserves a chance 
to disclose itself to young readers of imagination. 


Technical Books 


RECENT publications likely to be of especial interest 
to M.I.T. Alumni include: 

Direct Conversion of Heat to Electricity, edited by 
Joseph Kaye, ’34, Professor of Mechanical Engineer- 
ing, and John A. Welsh, ’55, Assistant Professor of 
Mechanical Engineering, at M.I.T., and based on a 
special summer program given in 1959 (John Wiley 
& Sons, Inc., $8.75). 

Electronic Processes in Solids, prepared by Roland 
J. Coelho, *59, and Gianni Ascarelli, °59, and based 
on lectures given by Pierre R. Aigrain while Visiting 
Webster Professor of Electrical Engineering at M.I.T. 
in 1957 (The Technology Press of M.I.T. and John 
Wiley & Sons, Inc., $4). 

Information and Decision Processes, edited by Rob- 
ert E. Machol, and containing contributions to a 1959 
symposium by Claude E. Shannon, ’40, Donner Pro- 
fessor of Science at M.I.T., and others (McGraw-Hill 
Book Company, Inc., $5.95). 

The Internal-Combustion Engine in Theory and 
Practice (Vol. I: Thermodynamics, Fluid Flow, Per- 
formance), by C. Fayette Taylor, ’29, Professor of Au- 
tomotive Engineering (John Wiley & Sons, Inc., $16). 

Properties of Elemental and Compound Semicon- 
ductors, edited by Harry C. Gatos, ’50, of Lincoln 
Laboratory, M.I.T., and containing contributions by 
Lincoln Ekstrom, °57; Carol R. Kolm, 53, and Charles 
W. Mueller, ’36 (Interscience Publishers, Inc., $8.50). 

Photochemistry in the Liquid and Solid State, ar- 
ranged and edited by Lawrence J. Heidt, Associate 
Professor of Physical Chemistry at M.I.T., and other 
members of a subcommittee of the National Academy 
of Sciences-National Research Council on the Photo- 
chemical Storage of Energy, and based on a 1957 
symposium (John Wiley & Sons, Inc., $6). 
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The very special kind of ‘smoke’ produced at this new Cabot plant in Tuscola, Illinois 
is called Cab-o-sil® . . .a superfine silica unique among all the superfine silicas 
available to industry today. 
Cab-o-sil is produced by a unique process (technically known as vapor phase hy- 
drolysis) which makes it even finer, even purer than other “superfine” silicas. So fine, 
there are 11.1 million billion particles in every single gram (that’s finer than cigarette 
smoke). So pure, it lacks just 3/10 of one per cent of achieving total 100% purity. 
It is not surprising that such a unique product should offer to industry certain very 
specific advantages in improving the quality of a startling variety of products (Cab-o-sil 
is used today in no less than 36 industries). What these advantages boil down to is 
this: Cab-o-sil offers the manufacturer the capacity to do more, using less raw material 
— a classic case of virtue in any product. 
Cab-o-sil is one of a rapidly expanding line of quality raw materials from Cabot, any one 
of which might well be helping you to make your product better, and more economically 
efficient, too. 
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cluding: rubber, paint, cordage, oakum and 


CARBON BLACK — the world’s most complete 
range ... more than 50 different grades, each 
with a specific industrial use. 


CAB-0-LITE ® (Cabot wollastonite)—as a paint 
pigment, this versatile, uniform calcium sili- 
cate has more desirable properties than other 
extenders used singly or in combination. 
Excellent for all types of paint, and for all types 
of ceramics. 

PT® PINE TAR PRODUCTS — these versatile 


quality controlled materials improve the per- 
formance of a wide variety of products, in- 


insecticides. 

CAB-0-SIL® — this unique airborne silica, in 
extremely small amounts, greatly improves 
an enormous variety of products. Remarkable 
for its unusual combination of properties, it’s 
equally effective as a thixotropic, thickening, 
gelling, suspending, flatting, reinforcing, anti- 
caking, and antislip agent. Used in plastics, 
lubricating oils, greases, paints, varn- 
ishes, lacquers, rubber, sulfur, insecticides, 
pharmaceuticals, cosmetics, and many 
other products. 


| OTHER PRODUCTS INCLUDE: CHARCOAL, CHARCOAL BRIQUETS, OIL, NATURAL GAS, 
NATURAL GASOLINE, LIQUEFIED PETROLEUM GASES, PORTABLE WELL DRILLING AND 
SERVICING EQUIPMENT, OIL FIELD PUMPING EQUIPMENT AND STEEL FABRICATION. 
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ANOTHER EXAMPLE of the part Hoechst-Uhde plays in the chemical industry — 
providing special equipment, fabricated to specifications established by 


production experience, and with design adapted to local requirements. 
Let us apply production experience to your process problems. 


PROCESSES =: PETROCHEMICAL ° FERTILIZER CHLOR-ALKALI * ORGANIC, »« INORGANIC 
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An Integral Part of Your Equipment 
This high-vacuum pump incorporates three Variacs 
for the control of motor speed and voltages. 


A Research Tool 
Variacs control current through coils used 
for heating ingot of experimental 
semiconductor material. 

Photo Courtesy of Bell Telephone Laboratories 


the Original Continuously-Adjustable 


Autotransformer 


... featuring DURATRAK,* G-R’s exclusive 
treatment for the Variac contact surface. 
*U. S. Patent No. 2,949,592 





- A Handy Workbench Accessory 
Engineer uses a Metered Variac to check voltage range 


= specifications of a prototype electronic instrument. 


Variacs are backed by 


General Radio's 2-year Warranty. GENERAL RA DIO COMPANY 
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